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ABSTRACT
Cornish,  James E. ,  M.S. June, 1977 Environmental  Studies
A Selenium Content Survey of  Selected Flora and Soi l s Surrounding 
the East Helena Smelter Complex, East Helena, Montana
Di rector :  Meyer Chessin
Selenium has the a b i l i t y  to replace i somorphical l y su l f u r  in 
the crys ta l  l a t t i c e  of  the su l f i de minerals smelted f o r  t h e i r  
base metal content .  Using known but var i able selenium content  
values in the processed ores plus the h i s t o r i c  trends in SOx 
emissions, a " l i f e t i me  average" emission rate of  17 lbs. /month 
was cal culated;  present company f i gures reveal a 40 lbs. /month 
rate.  This study sought to provide prel iminary data on the 
potent i a l  accumulat ion of  selenium above background levels in the 
soi l  and f l o r a  around the smel ter complex, dominated by the ASARCO 
I nc . ' s  custom lead smel ter.  Total  soi l  su l f u r  and pH levels from 
14 sample s i tes were cor related wi th the soi l  selenium pat tern;  
these parameters were then related to the plant  selenium concen­
t r a t i ons  .
Flora and soi l  samples were col l ected during May, June and 
October, 1976 via an approximately s t r a t i f i e d  sample design. Acid-  
ext ractable digests of  the soi l  and plant  mater ial  were analyzed 
wi th a modi f ied atomic absorpt ion system. The soi l  su l f u r  was 
determined by the Leco induct ion furnace method whi le pH was 
measured potent i omet r i ca l l y  wi th glass elect rode.  Plant  f l uo r i ne  
content  was analyzed by ion spec i f i c  elect rode.
Overal l ,  the smel ter  a f f ec t s  on the soi l  appeared to be conf ined 
to a 2 mi le radius of  the stack and are given by a reduct ion in 
surface (0-5 cm.) pH (about 1/2 un i t  below the expected range) and 
a doubl ing of  su l f u r  and selenium concent rat ions above the back­
ground levels.  The plant  species wi t h i n  th i s  impacted area were 
also about twice that  expected, al though i t  is judged that  the 
observed range does not cons t i t u t e  a b i o l ogi cal  hazard to the 
area's grazing stock.  The threat  to publ i c heal th appears to be 
minor.  However, moni tor ing of  selenium levels in the ur ine and 
hai r  of  workers and townspeople of  E. Helena, compared to a cont rol  
group in Helena or Bozeman, M t . , would be of  i n teres t .  Hopeful ly 
the dual -stage s u l f u r i c  acid product ion plant  w i l l  e l iminate 
these and other  toxi cants as hazards to the general  wel l -being 
of  t h i s  long-st ressed community.
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CHAPTER I 
INTRODUCTION
St a t e me n t  o f  t he  Prob l em and Comments on St udy  Des ign 
The o b j e c t i v e  o f  t h i s  r e c o n n a i s s a n c e  was t o  p r o v i d e  
t he  i n i t i a l  da t a  base n e c e s s a r y  t o  p l an  f o r  a more compr e­
h e n s i v e  s t u d y ,  one t h a t  wou l d  h o p e f u l l y  p r oduce a t h r e e -  
d i m e n s i o n a l  model  (1)  o f  t o t a l  Se l en i um (Se)  c y c l i n g  i n  a 
g r a s s l a n d  e n v i r o n m e n t  i n f l u e n c e d  by l e a d - s m e l t e r  e m i s s i o n s .  
The end p r o d u c t  woul d  y i e l d  a d i s e n t a n g l i n g  o f  p o l l u t a n t  
e f f e c t s  f r om t he n a t u r a l  g e o g r a p h i c a l  v a r i a t i o n  o f  t h i s  
e l emen t  and g e n e r a l  ecosys t em dynami cs .  A c o n v e n i e n t  
a na l og  would  be Frank Munshower ' s  s t u d y  o f  cadmium i n  t he 
Anaconda,  Montana,  a rea ( 2 ) .  Th i s  would be an o p t i m i s t i c  
scheme r e q u i r i n g  much t i me  and p a t i e n c e .  I d e a l l y ,  such work 
c o u l d  be m o d i f i e d  so as t o  be a p p l i c a b l e  t o  c o a l - f i r e d  
e l e c t r i c a l  g e n e r a t i o n  f a c i l i t i e s  t h r o u g h o u t  t he  N o r t h e r n  
Grea t  P l a i n s  a r e a .  Long range  c o n s i d e r a t i o n s  wou l d  i n c l u d e :
(a)  t he  r e l a t i o n  o f  l ow l e v e l  e m i s s i o n s  o f  s e l e n i u m f r om 
t a l l  s t a c k s  t o  e n v i r o n m e n t a l  h e a l t h  t h a t  m i g h t  l ead  t o  
a c c u m u l a t i o n s  above b a c k g r o u n d ,  i . e .  ecosys t em " s wa mp i n g " ,
(b)  t he  p o t e n t i a l  burden i n  h a i r ,  u r i n e ,  and b l ood  i n t he 
s u r r o u n d i n g  human p o p u l a t i o n  exposed to  c o n s i d e r a t i o n  (a)  
and t he  f o r m u l a t i o n  o f  c r i t e r i a  f o r  such a c c e p t a b l e  l e v e l s ,
1
2
( c )  t he  i m p l e m e n t a t i o n  o f  a p r a c t i c a l  p rogram to r educe 
any u n a c c e p t a b l e  r i s k  f ound  t o  e x i s t  i n  t he l o c a l  r e s i d e n t s ,  
p o s s i b l e  l e a d i n g  t o  an " e a r l y - w a r n i n g "  sys tem f o r  t h i s  
e 1ement  ( 3 ) .
In o r d e r  t o  max i mi ze  e f f i c i e n t  use o f  t i me  and e f f o r t  
t he deve l o pme n t  o f  a w o r k i n g  h y p o t h e s i s  was n e c e s s a r y  so 
as to a v o i d  random s o i l  and p l a n t  s a m p l i n g .  Because c h r o n i c  
e f f e c t s  f r om low l e v e l  p o l l u t a n t s  i s  a s u b j e c t  o f  g r e a t  
c o n t e n t i o n ,  cause and e f f e c t  i n t e r p r e t a t i o n s  o f  t he  r e s u l t s  
was no t  emphas i zed .  In t h i s  s t u d y  c o r r e l a t i o n s  between 
pa r a me t e r s  were u t i l i z e d  i n  t he  s ea r ch  f o r  t r e n d s  t h a t  
c o u l d  be more r i g o r o u s l y  q u a n t i f i e d  by f u t u r e ,  more com­
p r e h e n s i v e  d a t a .  At  t h i s  s t age  o f  t he  a n a l y s i s  i t  was 
more i m p o r t a n t  t o  be conc e r ned  w i t h  u n n a t u r a l l y  h i g h  c o n ­
c e n t r a t i o n s  o f  s e l e n i u m  t han  t he  p o t e n t i a l l y  hazardous  or  
t o x i c  e f f e c t s  o f  t hese  l e v e l s ,  s i n c e  t o t a l  r a t h e r  t han 
" b i o l o g i c a l l y  a v a i l a b l e "  l e v e l s  o f  s e l e n i u m  was measured.  
C o n c l u s i o n s  were drawn f r om l a b o r a t o r y  and f i e l d  o b s e r v a ­
t i o n s  and c o r r e l a t e d  w i t h  e x i s t i n g  f a c t s  g l eaned  f r om t he  
l i t e r a t u r e .  In t h i s  f i e l d  s t u d y  t he  r e s u l t s  c o u l d  no t  be 
r i g o r o u s l y  compared t o  a c o n t r o l  g r oup  (see be l ow)  bu t  o n l y  
v i ewed f o r  t r e n d s .  The t e s t  o f  t he  h y p o t h e s i s  was based 
upon e v i d e n c e  t h a t  was i n d e p e n d e n t  o f  t he  p r o p e r t y  or  
v a r i a b l e  b e i n g  t e s t e d  t hu s  e x p l a i n i n g  t he  use o f  s o i l  
s u l f u r  l e v e l s  and pH d i s t r i b u t i o n s  w i t h  d i s t a n c e  f r om t he
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s m e l t e r  s i t e  as a measure o f  s o i l  s e l e n i u m  c o n t a m i n a t i o n  
w i t h i n  t he  same sample a r ea .
In r e g a r d s  t o  t he  s a mp l i n g  d e s i g n ,  an awareness o f  
b i o g e o g r a p h  1c v a r i a n c e  i s  n e c e s s a r y  so as t o  p r oduce 
c r e d i b l e  r e s u l t s .  Sampl i ng  a t  two s o i l  dep t hs  ( 0 - 5  cm. ,  
15-20 cm. )  was done t o  e s t i m a t e  t he  p e r c o l a t i o n  r a t e s  
t h r o u g h  a g i v e n  s o i l  p r o f i l e  w h i l e  p l a n t  s p e c i e s  were 
chosen on t he  b a s i s  o f  d o m i n a n c e / s i t e  as w e l l  as f o r  
S e - " a c c u m u l a t o r s "  t o  e s t i m a t e  maximum s m e l t e r  Se i m p a c t .
A l l  m a t e r i a l s  were sampl ed ,  p r e p a r e d  and a n a l y z e d  i n a 
c o n s i s t e n t ,  r e l i a b l e  manner  t o  ensu r e  an a c c u r a t e  i n t e r p r e ­
t a t i o n  o f  c o n d i t i o n s  and c o mpa r i s on s  between s i t e s ,  as 
g i ve n  i n  Ch a p t e r  IV on Methods .
The w o r k i n g  h y p o t h e s i s  used i n  t h i s  s t u d y  was as 
f o l l o w s :  ( a )  t he  s t u d y  a r e a ' s  i n d i g e n o u s  l e v e l  o f  s o i l
s e l e n i u m  ( £ 0 . 6  ppm, as argued i n  Cha p t e r  I I I )  wou l d  be 
e l e v a t e d  due t o  t he  a c c u m u l a t i o n  o f  s m e l t e r  s e l e n i u m e m i s ­
s i o n s  ove r  t he  l i f e  o f  t he  c o m p l e x ' s  o p e r a t i o n s .  The 
d i s t r i b u t i o n  o f  t h i s  e l e men t  i n t he  s o i l  p r o f i l e  would be 
i n f l u e n c e d  by t o p o g r a p h y  ( e . g .  a s p e c t  and p e r c e n t  s l o p e )  
and m e t e o r o l o g y  ( e . g .  p r e v a i l i n g  wi nds  p l u s  t h e r ma l  i n v e r ­
s i o n  and f u m i g a t i o n  e f f e c t s )  i n  a manner  s i m i l a r  t o  t h a t  
ob s e r v ed  f o r  a r s e n i c  i n  t he  East  Helena a r e a .  Gi ven t he  
r e s u l t s  o f  p r e v i o u s  s e l e n i u m  a c c u m u l a t i o n  s t u d i e s  p e r f o r me d  
a r ound  c o a l - f i r e d  power  p l a n t s  and i n urban a r e a s ,  t he  
s e l e n i u m - " h a l o "  s h o u l d  be c o n c e n t r a t e d  w i t h i n  s e v e r a l  m i l e s
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o f  t h e  ASARCO s t a c k .  I t  was a l s o  e x p e c t e d  t h a t  s e l e n i u m 
woul d  t end t o  c o n c e n t r a t e  i n  t he  upper  few i n ch es  o f  t he 
s o i l  p r o f i l e  w i t h i n  t he above r a d i u s ,  as has been obse r ved  
f o r  a r s e n i c .  H.G.  Byers  obse r v ed  t h a t  s e l e n i u m  d i d  accumu­
l a t e  i n  t he  s o i l s  a round t he  Anaconda,  Montana,  copper  
s m e l t e r  (4)  bu t  t he  q u a n t i t a t i v e  da t a  was no t  g i v e n  i n  h i s  
d i s c u s s i o n  o f  t he  r e s u l t s .  ( b )  S t u d i e s  o f  n o n f e r r o u s  
s m e l t e r s  l o c a t e d  e l s e w h e r e  have d e mo n s t r a t e d  t h a t  t he  
p r esence  o f  SO^ and t he  con s e q u e n t  a c i d  p r o d u c t  e m i s s i o n s ,  
e . g .  s a l t s  o f  s u l f u r i c  a c i d ,  were c a p a b l e  o f  r e d u c i n g  t he  
pH o f  t he  upper  few c e n t i m e t e r s  o f  s o i l  w i t h i n  a m i l e  
r a d i u s  o f  t he  sou r ce  ( 5 - 7 ) .  Th i s  a c i d i f i c a t i o n  o f  t he  s o i l  
would a l s o  r educe  t he  base c a t i o n  l e v e l s  ( 8 )  i f  t he n a t u r a l  
b u f f e r i n g  c a p a c i t y  was d e s t r o y e d .  An i n c r e a s e  i n  t he  s u l f u r  
c o n t e n t  o f  t he  upper  few i n c h e s  o f  s o i l  w i t h i n  s e v e r a l  m i l e s  
o f  t he  ASARCO s t a c k  was a l s o  e x p e c t e d ,  i . e .  r e s u l t s  s i m i l a r  
t o  t hos e  obse r ved  by E. Gorham and A.G.  Gordon around t he  
F a l c o n b r i d g e ,  O n t a r i o  s m e l t e r  s h ou l d  be obse r ved  ( 9 ) .  ( c )
A l t h o u g h  t he  r esponse  o f  any g i v e n  p l a n t  s p e c i e s  ( samp l ed )  
t o t he  i n t e r  si  t e  v a r i a b i l i t y  o f  s o i l  s e l e n i u m  c o n t e n t  was 
u n c e r t a i n ,  i t  was assumed t h a t  t he  f l o r a ' s  c o n t e n t  would 
be c o r r e l a t e d  t o  bo t h  s o i l  s e l e n i u m  l e v e l s  and pH. Th i s  
s ho u l d  be e s p e c i a l l y  t he  case a t  t he  l o w e r  sample dep t h  
( 1 5 - 2 0  cm. be l ow t he  s o i l  s u r f a c e )  wh i ch  l a i d  w i t h i n  t he  
r o o t  zone o f  t he  p r e d o m i n a n t  g r a s s  f l o r a .  P l a n t  f l u o r i n e  
c o n t e n t  was d e t e r m i n e d  on a l i m i t e d  b a s i s  i n  o r d e r  t o
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e s t i m a t e  t he i n t e r s i t e  v a r i a b i l i t y  o f  t he  s m e l t e r ' s  i mp a c t  
s i n c e  i t s  d i s t r i b u t i o n  p a t t e r n  i s  s i m i l a r  t o t h a t  o f  
s e l e n i u m  (see Chap t e r  I I ) .  ( d )  M. Levesque,  i n  h i s  s t u d y  
o f  " n o r m a l "  and i n d u s t r i a l l y  c o n t a m i n a t e d  Canadian s o i l  
p r o f i l e s ,  obse r ved  t h a t  t he  r a t i o  o f  s u l f u r  c o n c e n t r a t i o n s  
between the A and B s o i l  was l e s s  t han  t h a t  f o r  s e l e n i u m 
between t hese  two h o r i z o n s  ( 1 0 ) .  Th i s  o b s e r v a t i o n  was 
a l s o  t e s t e d  i n t he  p r e s e n t  s t u d y  a r ea .
The East  Helena S m e l t e r  Complex
The r e s e a r c h  p r e s e n t e d  here f o c us e d  upon t he a r e a ' s  
i n d u s t r i a l  comp l ex ,  composed o f  t h e  ASARCO custom l ead  
s m e l t e r ,  t he  Anaconda Company' s z i n c  o x i d e  r e c o v e r y  f a c i l i t y  
and t he  Amer i can  Chemet Company,  a p a i n t  p i gmen t  p r o d u c e r .  
The f o r e m o s t  was c o n s t r u c t e d  i n  1888 by t he Helena and 
L i v i n g s t o n  Co . ,  be i ng  pu r chased  by ASARCO as one o f  t h e i r  
16 o r i g i n a l  s m e l t e r s  i n  1899.  I n i t i a l l y ,  t he  p l a n t  sme l t ed  
a p p r o x i m a t e l y  12 ,000 t ons  o f  c r ude  o r e  per  month.  D e s p i t e  
t h i s  r e l a t i v e l y  l ow p r oc e s s  vo l ume,  t he  management  soon 
r e c e i v e d  c o m p l a i n t s  o v e r  t he  s m e l t e r  e m i s s i o n s  and t h e i r  
e f f e c t s  upon p e r s o n s ,  a n i m a l s  and t he  s u r r o u n d i n g  l a n d s c a p e .  
The company r esponded i n  1901 by p r o t e c t i n g  i t s e l f ,  v i a  
i n d e n t u r e s ,  a g a i n s t  c l a i m s  f o r  damage to  t he  n e i g h b o r i n g  
p r emi s e s  by t he  p o l l u t a n t s ,  p a r t i c u l a r l y  t hose  due to t he  
heavy m e t a l ,  e s p e c i a l l y  l e a d ,  e m i s s i o n s .
H i s t o r i c a l l y ,  t he  company has made o n l y  smal l  e f f o r t s  
t o  l i m i t  i t s  dangerous  e m i s s i o n s .  A C o t t r e l l  e l e c t r o s t a t i c
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p r e c i p i t a t o r  was i n s t a l l e d  i n  t he  s i n t e r i n g  p r oc ess  i n  1927;  
i n  1971,  dua l  c y c l o n e  d u s t  c o l l e c t o r s  were added ( a t  a c o s t  
o f  $ 1 1 6 , 0 0 0 ) ,  t hus  r e c y c l i n g  most  o f  t he  p a r t i c u l a t e  m a t t e r  
back t o  t he  f u r n a c e s .  The p r e c i p i t a t o r  i s  abou t  93% 
e f f i c i e n t  ( 1 1 ) ,  bu t  SO and heavy meta l  o x i d e - s u l f a  t e  d u s t s  
s t i l l  escape.  “ U n d o u b t e d l y  o t h e r  c o n s t i t u e n t s  a r e  e m i t t e d  
a l t h o u g h  t h e i r  r e l a t i v e  q u a n t i t y  i s  unknown"  ( 1 2 ) .  The 
b l a s t  and r e v e r b e r a t o r y  f u r n a c e  o f f g a s s e s  are  passed t h r o u g h  
the d a c r o n - l i n e  baghouses ,  bu t  l e a d ,  cadmium,  z i n c  and 
a r s e n i c  compounds as w e l l  as o t h e r  t r a c e  e l emen t s  are  
r e l e a s e d  i n t o  t he  a mb i en t  a i r ,  d e s p i t e  t he  r a t e d  99% 
e f f i c i e n t  p a r t i c u l a t e  c o n t r o l .
Numerous s o i l  s t u d i e s  i n  t he  area (13)  have shown 
t h a t  t he  l og  c o n c e n t r a t i o n  o f  z i n c ,  cadmium,  l ead  and 
a r s e n i c  dec r ea se  l i n e a r l y  w i t h  t he  l o g a r i t h m  o f  i n c r e a s i n g  
d i s t a n c e  f r om t he  s m e l t e r  s i t e ,  e s p e c i a l l y  i n  an e a s t  t o  
s o u t h e a s t  d i r e c t i o n  f r om t he  s t a c k  and t end  t o  be c o n c e n ­
t r a t e d  i n  t he  upper  f o u r  i n c h es  o f  t he s o i l  p r o f i l e .  Lead 
i s  v e r y  w i d e s p r e a d  ( a l m o s t  u b i q u i t o u s ) ,  e x t e n d i n g  f o r  a t  
l e a s t  5 m i l e s  t o  t he  n o r t h - n o r t h e a s t  and 10 t o  15 m i l e s  
n o r t h w e s t  o f  t he  s m e l t e r .  Ranchers  w i t h i n  5 m i l e s  o f  t he 
s m e l t e r  compl ex  have been a d v i s e d  o f  t he  dangers  o f  t hese  
e l e men t s  t o  l ow g r a z i n g  a n i m a l s  ( e . g . ,  sheep and h o r s e s )  
i f  i n g e s t e d  i n  moder a t e  q u a n t i t i e s .  The company management  
has r esponded t o  t h i s  p r ob l em by e i t h e r  o f f e r i n g  t o  pu r chase
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t he  a f f l i c t e d  l and  o r  i n f o r m i n g  t he  owner  o f  i t s  p o t e n t i a l  
t o x i c i t y  t o  d o me s t i c  g r a z e r s  ( 1 4 ) .
For  t he  l o c a l  r e s i d e n t ,  t he  most  o b v i o u s ,  and u s u a l l y  
p r e s s i n g  p o l l u t a n t  i s  t he s u l f u r  o x i d e  e m i s s i o n s .  Wi t h  
t i me  t hese  s u b s t a n c e s ,  p o s s i b l y  i n  c o m b i n a t i o n  w i t h  heavy 
meta l  c a t i o n s ,  have se r ved  as a source  o f  " u n - n a t u r a l "  
s e l e c t i o n ,  p l a c i n g  s u f f i c i e n t  s t r e s s ,  a t  f i r s t  a c u t e ,  t hen 
c h r o n i c  on t he  s u r r o u n d i n g  ecosys t em to a l t e r  i t s  s t r u c t u r e  
and p h y s i o l o g y  i n  an u n f a v o r a b l e  way.  Communi ty r esponse  
would i n c l u d e  t he  e l i m i n a t i o n  o f  s p e c i e s  w i t h  consequen t  
r e d u c t i o n  o f  communi t y  r e s i l i e n c e  p l u s  t he  c r e a t i o n  o f  
p o t e n t i a l  " l e a k s "  i n  t he  n u t r i e n t  pool  ( 1 5 ) .  Such e f f e c t s  
have been obse r ved  i n  an area downwind o f  t he  Asarco 
s m e l t e r ,  as d e s c r i b e d  by Dr .  C.C.  Gordon i n  a r e p o r t  p r e ­
pared f o r  t he  D i e h l  Deve l opment  C o r p o r a t i o n  i n  1973 ( 1 6 ) .  
Numerous v i o l a t i o n s  o f  p r i m a r y  s t a t e  and f e d e r a l  SOp 
a mb i en t  s t a n d a r d s  have o c c u r r e d  i n  t he East  Helena a r e a ,  
p r o m p t i n g  t he  company t o  i n s t a l l  an i nduced  d r a f t  f an  and 
s t a c k  h e a t e r  i n  t he  s p r i n g  o f  1970 a t  a c o s t  o f  $135 , 000 .
Th i s  was s u p p o s e d l y  t o  a l l o w  g r e a t e r  p o l l u t a n t  d i s p e r s a l .  
Because o f  t he m e t e o r o l o g i c a l  c o n d i t i o n s  i n  t he v a l l e y  
( Ch a p t e r  I I I )  t he  change i n  e f f e c t i v e  s t a c k  h e i g h t  f rom 
a p p r o x i m a t e l y  400 f e e t  t o  743 f e e t  ( u nd e r  f a v o r a b l e  w e a t h e r  
c o n d i t i o n s )  due t o  t he  f an  was s t i l l  i n s u f f i c i e n t  i n  me e t i ng  
a mb i e n t  SO c odes ,  a cone was mounted on t he  s t a c k  l a t e r  i n  
t h a t  y e a r .  The hope was t h a t  t he  p o l l u t a n t s  wou l d  be e j e c t e d
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h i g h e r  i n t o  t he  a t mo s p h e r e ,  and t hus  above most  o f  t he 
common a i r - t e m p e r a t u r e  i n v e r s i o n  h e i g h t s .  Depending upon 
a t m o s p h e r i c  s t a b i l i t y ,  t he  p o i n t  o f  maximum i mpac t  o f  t he  
ASARCO baghouse and z i n c  o x i d e  p l a n t  e m i s s i o n s  now o c c u r  
a t  d i s t a n c e s  o f  0 . 2  t o  2 m i l e s  f rom the s o u r c e ,  w h i l e  t he 
s t a c k ' s  maximum i mpa c t  l i e s  between 0 .4  t o  31 m i l e s .  The 
d i s p e r s i o n  i s  i n c r e a s e d  t o  0 . 5  t o  43 m i l e s  when t he  h e a t e r  
i s  o p e r a t i n g  ( 1 7 ) .  Depar t men t  o f  H e a l t h  and E n v i r o n m e n t a l  
S c i e n c e s '  (DHES) d i f f u s i o n  c a l c u l a t i o n s  o f  annual  mean SO^ 
c o n c e n t r a t i o n s  n e g l e c t i n g  downwash phenomena p r e d i c t ;  (a)
75% o f  t he  SO^ i n  Helena comes f r om t he  s t a c k  ( f a n  and 
h e a t e r  o p e r a t i n g ) ,  w h i l e  o n e - h a l f  o f  t he  SOg s o u t h e a s t  o f  
East  Helena o r i g i n a t e s  f r om t h i s  s o u r c e ,  (b)  85% o f  t he 
East  Helena SOg a r i s e s  f r om t he baghouses ;  i n  f a c t ,  a e r o ­
dynamic downwash o f  t he  baghouse e m i s s i o n s  i n  town can 
r a i s e  t he  gas c o n c e n t r a t i o n  t o  more t han  8 ppm.
The e m i t t e d  SOp can undergo ch e mi ca l  change i n  two 
ways:  (a)  by p h o t o - o x i d a t i v e  p r oc e s s e s  f o l l o w e d  by h y d r a t i o n
to  f o rm a c i d  p r o d u c t s ,  e . g . ,  HSO^ o r  s u l f a t e  i o n .  (The 
r a t e  a t  wh i ch  t he  decay p r o d u c t s  a r e  f o rmed i s  a f u n c t i o n  
o f  t he  amount  o f  a v a i l a b l e  l i g h t  and t he  SOp c o n c e n t r a t i o n ;  
h i g h e r  h u m i d i t y  w i l l  a l s o  i n c r e a s e  t he  r e a c t i o n  r a t e s )  ( 1 8 ) ,
(b)  t he  d i r e c t  h y d r a t i o n  o f  SOp u s i n g  heavy meta l  c a t a l y s t s .  
Because o f  t h e i r  l a r g e  s u r f a c e  a r e a / u n i t  w e i g h t  t hese  
e l e m e n t s  cause such r e a c t i o n s  t o  o c c u r  v e r y  r a p i d l y ,  and 
" wou l d  p r o b a b l y  a c c o u n t  f o r  most  o x i d a t i o n  p r o d u c t s  i n  t he
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East  Helena s m e l t e r  a r e a "  ( 1 9 ) .  Te s t s  p e r f o r me d  on t he 
n a t i v e  f l o r a  t aken  f r om s i t e s  w i t h i n  one m i l e  o f  t he  ASARCO 
s t a c k  i n d i c a t e  t h e  p r esence  o f  SOg a s w e l l  as a c i d  m i s t  
i n j u r y  symptoms "on many p l a n t s  n o r m a l l y  grown i n East  
Helena g a r d e n s "  ( 2 0 ) .  DHES m o n i t o r i n g  o f  c o n i f e r  t r e e s  
( u s i n g  1973 n e e d l e s )  f rom 1 to 5 m i l e s  r a d i i  f rom t he s t a c k  
r e v e a l e d  ( f i n a l  i mpac t  s t a t e m e n t ,  Tab l e  17,  p. 102)  severe  
damage ( c h l o r o s i s ,  n e c r o s i s  and p r ema t u r e  need l e  c a s t ) ,  on 
Englemann sp r uce  and l o d g e p o l e  p i n e  1% m i l e s  f o r  t he  sour ce  
and l i g h t  damage ( n e c r o t i c  b a n d i n g )  on ponderosa p i n e  a t  
d i s t a n c e s  f r om 2 t o  5 m i l e s  f r om t he  s t a c k .  In r e f e r e n c e  
t o  t h i s  l a s t  s p e c i e s ,  M. Treshow no t ed  SOp damage a t  2 
s i t e s  ( 2 1 ) ,  t he  f i r s t  a l o n g  I n t e r s t a t e  15 where t he power -  
l i n e  c r o s s e s  t h e  h i g h wa y ,  a p p r o x i m a t e l y  3 . 9  m i l e s  w e s t -
é
s o u t h w e s t  o f  t he  s m e l t e r ,  and a second by t he  Montana C i t y  
t u r n - o f f  i s  v e r y  near  s i t e  #4 i n  t he  p r e s e n t
s e l e n i u m  s t u d y .
I n s p e c t i o n  o f  Tab l e  1, p . 12 i n  t he  d r a f t  e n v i r o n m e n t a l  
i mpac t  s t a t e m e n t  r e v e a l s  t he absence o f  both  f l u o r i n e  and 
s e l e n i u m  f r om t h e  l i s t  o f  known o r  susp e c t ed  p o l l u t a n t s  
e m i t t e d  by t he  s t a c k  i n t o  t he  s u r r o u n d i n g  a t mosphe r e .  
A r s e n i c  (as As^O^)  i s  r e l e a s e d  a t  a r a t e  g r e a t e r  t han 60 
l b s . / d a y  f r om t he  s i n t e r  p l a n t  and main s t a c k ;  o r g a n i c s  
ar e  a l s o  l i s t e d  bu t  no t  q u a n t i f i e d .  The p r esence  o f  t he 
above s u b s t a n c e s  ( w i t h  t he  p r o b a b l e  e x c l u s i o n  o f  As)  i n  t he  
gas s t r e am i s  i m p o r t a n t  s i n c e  t h e y  can i n t e r f e r e  w i t h  t he 
c o n v e r s i o n  o f  SO^ to  s u l f u r i c  a c i d  as t he  company i s  now
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r e q u i r e d  t o  do ( 2 2 ) .  The o r g a n i c  c o n t a m i n a n t s  w i l l  pene ­
t r a t e  bo t h  t he  gas c l e a n i n g  e qu i pmen t  and c a t a l y s t  chambers 
i n  t he  d u a l - s t a g e  a d s o r p t i o n  a c i d  p l a n t  t o  p r oduce  " b l a c k  
a c i d " ;  t he  o f f - g a s  Se and f l u o r i d e  (F)  w i l l  be removed 
i n  t he  m i s t  chamber s ,  l a r g e l y  e l i m i n a t i n g  t he  p r ob l em o f  
d e a c t i v a t e d  c a t a l y s t ,  p l ugged  c a t a l y s t  beds o r  c o r r o s i o n  
o f  hea t  exchange t u b e s .  A p p a r e n t l y ,  t he  s l udge  a r i s i n g  
f r om t he  m i s t  chambers i s  c o n s i d e r e d  a mi n o r  p r ob l em i n  
t e rms o f  i t s  d i s p o s a l  by t he  company management .
F l u o r i d e  has r e c e i v e d  l i m i t e d  c o n c e r n ,  be i ng  m o n i t o r e d  
i n  a j o i n t  s t a t e - f e d e r a l  s t u d y  c on d u c t ed  i n  J u l y ,  1961
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t h r o u g h  J u l y ,  1962,  where an ave r age  l e v e l  o f  0 . 10  ug/m 
was obs e r v ed  p l u s  Dr .  C.C.  Go r d o n ' s  1968-1973 work on 
c o n i f e r  ne ed l e s  f rom t he  a r ea .  Compar i son o f  h i s  da t a  f o r  
Ponderosa p i n e  (23)  and t h i s  p r e s e n t  s t u d y ' s  r e s u l t s  ( Ch a p t e r  
V) on u n d e r s t o r y  f l o r a  w i t h  b a s e l i n e  f l u o r i d e  da t a  r e c e n t l y  
g a t h e r e d  i n  t he Col  s t r i p ,  Montana area (24)  seem t o  show 
t h a t  l ow l e v e l s  o f  t h i s  e l e me n t  ( i t s  p h y s i o c h e m i c a l  f o rm 
u n c e r t a i n )  e x i s t  i n  t he  s m e l t e r  a r e a ,  e s p e c i a l l y  w i t h i n  one 
m i l e  r a d i u s  o f  t he  s t a c k .  I t  i s  h y p o t h e s i z e d  t h a t  t he  main 
sou r ce  o f  f l u o r i d e  e m i s s i o n s  i s  t he  coa l  consumed i n  t he  
z i n c  f umi ng  p l a n t  f u r n a c e ,  w i t h  a s m a l l e r  amount  be i ng  
r e l e a s e d  by t he  ASARCO s i n t e r i n g  and b l a s t  f u r n a c e  o p e r a t i o n s .
CHAPTER I I
A PERTINENT LITERATURE REVIEW ON SELENIUM
H i s t o r y  and Uses 
Se l en i um (Se,  A=78 . 96 ,  Z=34)  i s  a p a r a d o x i c a l  e l e m e n t ,  
b o t h  i n  t e rms o f  i t s  p h y s i c o c h e m i c a l  p r o p e r t i e s  and i n  i t s  
i n v o l v e m e n t  i n  l i v i n g  sys t ems .  C h e m i c a l l y  r e l a t e d  t o  s u l f u r  
( b o t h  b e l ong  t o  t he  f o u r t h  p e r i o d  and s i x t h  group i n  t he 
p e r i o d i c  t a b l e )  i t s  f u n c t i o n  i n  t he ma i n t e n a nc e  o f  l i f e ,  
e i t h e r  i n  an e l e m e n t a l  f o rm o r  as an ana l og  o f  some n e c e s s a r y  
s u l f u r - c o n t a i n i n g  compound i s  o f t e n  u n c e r t a i n .
D u r i n g  t he  e a r l y  19 t h  c e n t u r y ,  Fa h l u n ,  Sweden was t he 
s i t e  o f  a c oppe r  mine t h a t  e x t r a c t e d  m o s t l y  p y r i t i c  o r es  
where /  " t h e  s u l p h u r  o b t a i n e d  by d i s t i l l a t i o n  was used a t  
G r i p s h o l m  [Sweden]  f o r  t he  m a n u f a c t u r e  o f  s u l p h u r i c  a c i d  
by t he  [ l e a d ]  chamber  p r o c e s s .  A red d e p o s i t  was obse r ved  
t o  c o l l e c t  on t he  f l o o r  o f  t he  chambers when t he  Fahlun 
s u l p h u r  was used,  bu t  n o t  when s u l p h u r  f r om o t h e r  sou r ces  
was empl oyed"  ( 2 5 ) .  P r e l i m i n a r y  s t u d y  by Gahn and J.  
B e r z e l i u s  i n  1817 c o n c l u d e d  t h a t  t he  d e p o s i t  was t e l l u r i u m  
( Te,  Gr.  t e r r a ,  e a r t h ) ,  bu t  by F e b r u a r y ,  1818,  B e r z e l i u s  
had s a t i s f i e d  h i m s e l f  t h a t  t h i s  was a new s i s t e r  e l emen t  o f  
Te,  and a p p r o p r i a t e l y  named i t  s e l e n i u m  (Gr .  s e l e n e ,  moon) .
In p a s t  y e a r s  i t  has been o b t a i n e d  f r om the f l u e  d u s t s
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r e s u l t i n g  f r om copper  s u l f i d e  ore  p r o c e s s i n g ;  however ,  t he  
anode muds produced  by t he  e l e c t r o l y t i c  r e f i n i n g  o f  copper  
now p r o v i d e  most  o f  t he  w o r l d ' s  s u p p l y  o f  s e l e n i u m .  The 
e l e me n t  i s  r e c o v e r e d  f r om t he s l i m e s  by e i t h e r  r o a s t i n g  
them w i t h  soda o r  s u l f u r i c  a c i d ,  o r  by s m e l t i n g  them w i t h  
soda and n i t e r .
Se l en i um m e l t s  a t  2 17 ° ,  b o i l s  a t  6 8 4 . 4°C and has 
d e n s i t i e s  o f  4 . 79  gm/cc ( g r a y  a l l o t r o p e )  and 4 . 28  f o r  t he  
v i t r e o u s  f o r m ;  t he  l a t t e r  t y p e  can be c o n v e r t e d  by s l ow 
h e a t i n g  t o  t he  f o r m e r .  The e l e men t  e x h i b i t s  bo th  p h o t o ­
v o l t a i c  and p h o t o c o n d u c t i v e  a c t i o n ,  t hus  f i n d i n g  uses i n  
p h o t o g r a p h i c  exposu r e  me t e r s  and s o l a r  c e l l s .  I t  has a l s o  
been a p p l i e d  i n  x e r o g r a p h y  and as bot h  a red s t a i n  and 
i r o n  d e c o l o r i z e r  i n  t he  g l a s s  i n d u s t r y .
A Compar i son o f  A r s e n i c  and Se l en i um Emi ss i on  P r o p e r t i e s
Se l en i um e m i s s i o n s ,  an o v e r v i e w
The t o t a l  a t m o s p h e r i c  s e l e n i u m  e m i s s i o n  f o r  t he U n i t e d  
S t a t e s  i n  1969 was 986 t ons  o f  wh i ch  t he  p r o c e s s i n g - s m e l t i n g  
o f  n o n f e r r o u s  m e t a l s  c o n t r i b u t e d  a p p r o x i m a t e l y  88 . 7  t ons  
( 2 6 ) .  A p p a r e n t l y ,  t he  r a t e  o f  a t m o s p h e r i c  r a i n o u t  i s  3 . 3  
t i me s  t he  e m i s s i o n ' s  mass on a w o r l d  s c a l e .  The u n c e r t a i n t y  
o f  t he  v a r i o u s  s e l e n i u m  s p e c i e s '  a t m o s p h e r i c  r e s i d e n c e  t i mes  
make t he  e n r i c h m e n t  mechani sm u n c l e a r  ( 2 7 ) .  The a t m o s p h e r i c  
movement  o f  e m i t t e d  s e l e n i u m  appear s  t o  be l i m i t e d ,  as 
c o n c l u d e d  by t he  f o l l o w i n g  e v i d e n c e  ( 2 8 ) :
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(1)  The o b s e r v a t i o n  by K.P.  S e l y a n k i n a  and L.N.
A l ekseeva  t h a t  t he  a t m o s p h e r i c  s e l i n i  urn 
c o n t e n t  c u r r o u n d i n g  2 e l e c t r o l y t i c  
copper  p l a n t s  ranged f rom 3 . 9  t o  5 .0
'^papg/m^.  Th i s  compares t o  a maximum o f  
3 . 8  X 10"3 }jg/m'^ i n East  Ch i cago ,
I n d i a n a  and a maximum recommended c o n ­
c e n t r a t i o n  o f  0.1 mg/m^ wh i ch  g r a d u a l l y  
dec r eased  w i t h  d i s t a n c e  f rom t he  p l a n t  
t o  u n d e t e c t a b l e  l e v e l s  two k i l o m e t e r s  
away.
(2)  W.H. A l l a w a y ' s  s t u d y  o f  an i n d u s t r i a l  s t i e
e m i t t i n g  9 ppm s e l e n i u m i n  i t s  f l y  ash,  
where s u r r o u n d i n g  f l o r a  c o n t a i n e d  up t o  
20 ppm o f  t he  e l e me n t .  However  WMD 
( w h i t e  musc le  d i s e a s e  due t o s e l e n i u m -  
d e f i c i e n t  f o r a g e )  was f ound i n  an i ma l s  
g r a z i n g  o n l y  12.6  k i l o m e t e r s  f r om t h i s  
p l a n t .
(3)  R. Co p e l a n d ' s  o b s e r v a t i o n  t h a t  t he  z o o p l a n k t o n
in Lake M i c h i g a n  near  t he  shore  around 
Ch i ca go ,  111 i n i  os and Gary ,  I n d i a n a  
c o n t a i n e d  up t o  7 ppm s e l e n i u m ( d r y  
w e i g h t  b a s i s )  bu t  dec reased  as samp l i ng  
approached t he  n o r t h e r n  end o f  t he  l a k e ,  
where t he c o n c e n t r a t i o n  averaged 0.1 ppm. 
Si nce  t he  p r e v a i l i n g  wi nds ove r  Chi cago 
b l ow f r om t he s o u t h w e s t ,  t h i s  p a t t e r n  o f  
s e l e n i u m a c c u m u l a t i o n  i n t he  a q u a t i c  
a n i m a l s  was s u g g e s t e d ,  " t o  be t he  r e s u l t  
o f  smoke f rom f o s s i l  f u e l  combus ion blown
o ve r  t he s o u t h e r n  end o f  t he  l a k e " .
I t  s h ou l d  be not ed t h a t  t he a t mospher e  i s n ' t  t he  ma j o r  
sou r c e  o f  s e l e n i u m i n g e s t e d  by humans,  even i n  h e a v i l y  
i n d u s t r i a l i z e d  a r e a s .  Th i s  i s  s u p p o r t e d  by H.V.  Weiss ejt 
£ j _ . ' s a n a l y s i s  o f  g l a c i a l  i c e  i n  G r e e n l a n d ,  where marked 
i n c r e a s e s  i n  s u l f u r  l e v e l s  s i n c e  1960 have been n o t e d ,  w h i l e
t he  s e l e n i u m  c o n c e n t r a t i o n  has remai ned r e l a t i v e l y  c o n s t a n t
( 2 9 ) .
A t m o s p h e r i c  s e l e n i u m - f a l l o u t  has been s t r o n g l y  c o r r e ­
l a t e d  ( r = 0 . B 3 )  w i t h  annua l  p r e c i p i t a t i o n ,  as d e t e r m i n e d  by
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t h e  a n a l y s i s  o f  more t han  3000 humus samples i n  e a s t e r n  
and m i d d l e  Norway.  The d i s t r i b u t i o n  p a t t e r n  was s i m i l a r  
t o  t h a t  obse r ved  f o r  t he  ma j o r  e x c h angeab l e  c a t i o n s  and 
t he  h a l i d e s ;  however ,  t he r e s u l t s  d i d  no t  i n d i c a t e  any 
s t r o n g  c o r r e l a t i o n  w i t h  l o c a l  i n d u s t r y  e m i s s i o n s  ( 3 0 ) .
Thus,  s e l e n i u m  v apo r s  appear  t o  be more r e a d i l y  p r e ­
c i p i t a t e d  f r om t he  a i r  t han do t he  ana l ogous  s u l f u r  com­
pounds,  and,  a t  most  s e l e n i u m - p o l l u t i o n  would be a l o c a l  
p r ob l e m.  The East  Helena ASARCO p l a n t  doub l ed  i t s  p r o d u c ­
t i o n  r a t e  i n  1967,  w i t h  seve r e  damage o c c u r r i n g  t o  even t he  
S O g - t o l e r a n t  i n d i g e n o u s  f l o r a  g r ow i ng  w i t h i n  a 4 - m i l e  r a d i u s  
o f  t he  s m e l t e r  ( 3 1 ) ;  i t  i s  t hus  h y p o t h e s i z e d  t h a t  due t o  t he 
p h y s i c a l  p r o p e r t i e s  o f  s e l e n i u m ,  i t s  maximum i mpac t  a l s o  
l i e s  w i t h i n  t h i s  r a d i u s  (as i m p l i e d  f r om t he  above e v i d e n c e ) .
Numerous s t u d i e s  on s e l e n i u m  e m i s s i o n s  f r om c o a l - f i r e d  
e l e c t r i c a l  g e n e r a t i o n  f a c i l i t i e s  have shown t h a t  t he ma j o r  
p o r t i o n  o f  t h i s  e l e m e n t ,  " l e f t  as vapor  a n d / o r  v e r y  f i n e  
p a r t i c l e s  i n  f l u e  gas"  ( 3 2 ) ,  p r o b a b l y  i n  t he  e l e m e n t a l  
s t a t e  due p o s s i b l y  t o  t he  r e d u c t i o n  o f  e i t h e r  t he  o x i d e  o r  
s e l e n i o u s  a c i d  by SO^ ( 3 3 ) .  R i c h a r d  L. Da v i s o n ,  e t  a l . ,  
i n  t h e i r  s t u d y  o f  an u n i d e n t i f i e d  c o a l - f i r e d  p l a n t  c o n c l u d e d :  
(a)  t h a t  a p r e f e r e n t i a l  c o n c e n t r a t i o n  o f  As,  Cd, Pb, A n t i ­
mony,  Sb,  and Se o c c u r r e d  i n  t he  s m a l l e s t  e m i t t e d  p a r t i c l e s ,  
and (b)  e x i s t i n g  p a r t i c u l a t e  c o n t r o l  d e v i c e s  a r e  l e a s t  
e f f e c t i v e  f o r  r emov i ng  t he  most  t o x i c  p a r t i c l e s ,  t h o s e  t h a t  
can be d e p o s i t e d  i n  t he  pu l monar y  r e g i o n  o f  t he  r e s p i r a t o r y
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sys t em ( 3 4 ) .  The 0 . 5  t o  10 . 0  ym p a r t i c l e  range can be 
i n h a l e d  and d e p o s i t e d  i n  t he  human r e s p i r a t o r y  sys t em;  
however ,  p a r t i c l e s  w i t h  an e q u i v a l e n t  ae r odynami c  d i a ­
met er  l e s s  t han 1 ym, " d e p o s i t  p r i m a r i l y  i n  t he  a l v e o l a r  
r e g i o n s  o f  t he  l ung  where t he  a b s o r p t i o n  e f f i c i e n c y  f o r  
most  t r a c e  e l e men t s  i s  50 t o  80 p e r c e n t "  ( 3 5 ) .  K.K.
Pi 11 ay and C.C.  Thomas,  J r .  obs e r v ed  t h a t  a t  l e a s t  50% 
o f  t he  s e l e n i u m p r e s e n t  i n  u rban a i r  passed t h r o u g h  a 
f i l t e r  des i g ne d  t o  c o l l e c t  a l l  p a r t i c l e s  g r e a t e r  t han 0.1 
ym i n  d i a m e t e r  ( 3 6 ) .  Th i s  i m p l i e s  t h a t  even smal l  amounts 
o f  e m i t t e d  s e l e n i u m ,  r e g a r d l e s s  o f  i t s  s o u r c e ,  have a 
p o t e n t i a l l y  a d v e r s e  b i o l o g i c a l  i mp a c t  due t o  i t s  a e r o ­
dynamic s i z e  d i s t r i b u t i o n  i n  t he  amb i en t  a i r .
A r s e n i c  i mp a c t s  i n  t he  East  Helena area
The a r s e n i c  e m i t t e d  f r om t h e  ASARCO s t a c k  e x i s t s  i n 
a vapor  phase and i s  l a t e r  removed as d i s s o l v e d  gases i n  
r a i n  o r  i s  r a p i d l y  p r e c i p i t a t e d  ou t  o f  t he  p l ume.  Th i s  
i s  i n  sharp  c o n t r a s t  t o  l e a d ,  wh i c h  condenses i n  t he 
a t mospher e  and i s  removed p r i n c i p a l l y  as s o l i d  p a r t i c l e s  
i n  r a i n  o r  d r y  f a l l o u t  ( 3 7 ) .  The p a r t i c l e s  o f  a r s e n i c  
(and i t s  compounds)  t end  t o  s e t t l e  o u t  r a p i d l y ,  t hus  
l a r g e l y  a c c u m u l a t i n g  w i t h i n  a few square  m i l e s  around 
t he  e m i s s i o n  s i t e  as shown be l ow:
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>.01 to <1 mg/m * month 
s t a c k  s i t e  
Hi ghway 12-287
1 " :  1 m i l e
F i g u r e  1 - - S e t t l e a b l e  P a r t i c u l a t e  As,  Rad i a l  D i s t r i b u t i o n  
( i n  m i l e s )
Sour ce :  Helena Va 1 l e y  , Montana , Area Envi  r onment a l  
P o l l u t i o n  Study A.P.  91 EPA, p. 52
The c o n c e n t r a t i o n  o f  a r s e n i c  i n  t he  p a r t i c u l a t e s  t h a t  
s e t t l e  i n  t he  v i c i n i t y  o f  t he  s m e l t e r  i s  200-1000 ppm 
( 3 8 ) .  The amount  a c t u a l l y  t r a p p e d  i n  t he  s u r r o u n d i n g  
s o i l  i s  i n f l u e n c e d  by a number  o f  f a c t o r s  (and t h e i r  
r e l a t i o n s h i p s  t o  each o t h e r )  as shown be l ow:
TABLE 1
ARSENIC IN SURFACE SOIL SAMPLES ( 0 - 4 "  DEPTH, IN PPM)® 
D i s t a n c e  f r om
s t a c k  ( m i l e s )  c u l t i v a t e d  t r a c t  u n c u l t i v a t e d  t r a c t
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Sour ce :  see pp.  12,  77 i n  r e f e r e n c e  no.  13
The a r s e n i c  c o n t e n t  o f  s o i l s  t h r o u g h o u t  t he e n t i r e  s t udy  
a rea g e n e r a l l y  r anged f r om 1 to 50 ppm and averaged  abou t  
5 ppm. Th i s  mean i s  i n  c l o s e  agreement  w i t h  t he  6 ppm
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g e o m e t r i c  mean a r s e n i c  l e v e l  obse r ved  i n  t he  0 - 4 "  dep t h  
o f  s i m i l a r  s o i l  t y p e s  l y i n g  o u t s i d e  o f  t he  Helena V a l l e y .  
However ,  t he a r i t h m e t i c  mean c o n c e n t r a t i o n  o f  a r s e n i c  i n  
t h e  upper  4 - i n c h  s o i l  l a y e r  w i t h i n  a r a d i u s  o f  t w o - t h i r d s  
t o  10 m i l e s  f r om t he  s t a c k  was 11 ppm, and t h a t  f o r  t he 
6-10 i n c h  dep t h  zone was 7 ppm ( 3 9 ) .  Compar i son w i t h  t he 
z i n c  and l e a d  da t a  ( f o r  t he  two s o i l  d e p t h s )  i m p l i e s  t h a t  
a r s e n i c  has a moder a t e  downward m o b i l i t y  between t he  " f a s t "  
and " s l o w "  c a t i o n  m i g r a t i o n  f o r  z i n c  and l e a d ,  r e s p e c t i v e l y .  
The s o i l  c h e m i s t r y  o f  a r s e n i c ,  l a r g e l y  as a r s e n a t e  a n i o n ,  
r esemb l es  p h o s p h o r u s ,  i . e .  bo t h  are  f i x e d  e i t h e r  by 
r e a c t i v e  i r o n ,  a l umi num o r  c a l c i u m  i o n s ,  depend i ng  upon 
t h e i r  r e l a t i v e  c o n c e n t r a t i o n s .  The f i x a t i o n  mechanism 
o f  a r s e n i c  i s  compl ex  (and p r o b a b l y  v a r i e s  f r om one s o i l  
t y p e  t o  a n o t h e r ) ,  bu t  i t s  p h y t o t o x i c i t y  does d i m i n i s h  
w i t h  t i m e .  M i c r o b i a l  a c t i o n  ( 40)  can r educe a r s e n a t e  i on  
t o  d i m e t h y l a r s i n i c a c i d ,  a l s o  known as c a c o d y l i c  a c i d ,  
wh i ch  can be r e o x i d i z e d  t o  CO^ and a r s e n a t e  i on  o r  c l e a v e d  
i n t o  a r s i n e s ;  however ,  and as i t  w i l l  be shown f o r  s e l e n i u m ,  
" t h e  c hemi ca l  f o rm appear s  more i m p o r t a n t  t han t he t o t a l  
s o i l  a r s e n i c  when c o n s i d e r i n g  t he  p h y t o t o x i c i t y  o f  a r s e n i c  
on a g i v e n  s o i l "  ( 4 1 ) .
Se l en i um e m i s s i o n s  and t h e i r  i mpa c t  on t he  s u r r o u n d i n g  
East  Helena area
From Tab l e  10-2 i n  t he  EPA p u b l i c a t i o n  ( 4 2 ) ,  t he 
ave r a g e  SOg e m i s s i o n  r a t e  i s  330 t o n s / d a y ,  r e p r e s e n t i n g
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a p p r o x i m a t e l y  96% o f  t he  t o t a l  SO^ w e i g h t  r e l e a s e d  by t he
who l e  i n d u s t r i a l  compl ex .  Us i ng K. Rankama and G. Sahama' s
r a t i o  o f  ( Se / S)  x 1 = 1,  ( 43)  t hen t he  c a l c u l a t e d  amount
2 4o f  s e l e n i u m r e l e a s e d  per  day e qua l s  ( 3 . 3  x 10 / I  x 10
o
t o n s )  t i me s  ( 2 . 0  x 10 l b s . / t o n )  or  66 . 0  pounds.  The 
S:Se r a t i o  f o r  ma gn e t i c  s u l f i d e  r oc k s  v a r i e s  f r om a u t h o r  
t o a u t h o r ,  e . g .  V.M.  G o l d s c h m i d t ' s  ( 1954)  5 2 0 : 0 . 0 9  and
F.R.  S i e g e l ' s  2 6 0 : . 0 5  v a l u e s .  The Rankama-Sahama e s t i m a t e  
was chosen so t h a t  t he mi n i ma l  c o n c e n t r a t i o n  expec t ed  
(due t o t he h i g h e s t  S:Se r a t i o ) ,  c o u l d  be c a l c u l a t e d .
The or e  p r oc es s ed  i n 1970 was 30% (w/ w)  s u l f u r ,
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be i ng  consumed a t  a r a t e  o f  1 . 2  x 10 t o n s / d a y ,  t hus  
( . 3 0  X 2 X 10^ l b s . / t o n )  x 1. 2 x 10^ t ons  f eed or  7. 2 x
5
10 l b s .  o f  s u l f u r  and 72 l b s .  o f  s e l e n i u m e n t e r e d  t he  
f a c i l i t y  on a d a i l y  b a s i s  s i n c e  1968;  p r o d u c t i o n  r a t e s  
b e f o r e  t h i s  t i me  were a t  most  o n e - h a l f  t h i s  l e v e l .
Assumi ng t h a t  t he  o r e ' s  s u l f u r  c o n t e n t  was (and r e ma i n s )  
c o n s t a n t  w i t h  t i m e ,  t hen t he  e mi s s i o n  o f  SO / d a y  i n 1889
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can be c a l c u l a t e d  f r om t he  f o l l o w i n g  r a t i o :  1. 2 x 10
2 - 1 t ons  per  d a y / 3 . 3  x 10 t ons  SO^/ day = 2 . 0  x 10 t ons  per
1 2day /  X t ons  SO^ / day ,  where x = 5 . 5  x 10 t ons  SO^/ day.  
Ra t h e r  t han a t t e m p t  t o  i n t e g r a t e  t he  ar ea under  t he 
s e l e n i u m p r o d u c t i o n  c u r v e  f r om 1889 t o  t he  p r e s e n t ,  an 
“ a v e r a g e "  SO e mi s s i o n  r a t e  o f  85 t o n s / d a y  f o r  t he 1889-
1968 p e r i o d  was used.  Th i s  i s  e q u i v a l e n t  t o 8 . 5  x 10“ ^
t o n s ,  o r  17 p o u n d s / d a y  s e l e n i u m e m i s s i o n .  For  t he  f i r s t
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14 y e a r s  o f  t he  p l a n t ' s  o p e r a t i o n ,  i . e . ,  b e f o r e  i n s t a l ­
l a t i o n  o f  t he t hen w o o l - l i n e d  baghouses ,  t h e r e  was no 
e m i s s i o n  a b a t e me n t ,  t hus  a p p r o x i m a t e l y  43 . 4  t ons  o f  
s e l e n i u m was r e l e a s e d  i n t o  t he e n v i r o n me n t .  Assumi ng 
99% e f f i c i e n c y  i n baghouse p a r t i c u l a t e  c o l l e c t i o n  ( wh i ch  
may no t  a f f e c t  t he s e l e n i u m r emoval  r a t e ,  see page 14)  
combi ned w i t h  i n c r e a s e s  i n  p r o d u c t i o n  and u n r e g u l a t e d  
s t a c k  gases t hen a p p r o x i m a t e l y  75% o f  t h i s  f i g u r e ,  or  
65 , 100  pounds,  was p r o b a b l y  r e l e a s e d  bet ween 1903 and 
t he i n s t a l l a t i o n  o f  t he  C o t t r e l l  p r e c i p i t a t o r s  i n 1927.
I f  t he  SOg e mi s s i o n  r a t e  i s  now a l l o we d  t o  be 85 t o n s /  
day f o r  t he  p e r i o d  1927 t o  1968,  and g i v e n  a 95% c o l l e c ­
t i o n  e f f i c i e n c y  r a t i n g  on t he  p r e c i p i t a t o r  ( a ga i n  q u e s ­
t i o n a b l e  i n  t er ms o f  r emov i ng  a r s e n i c  and s e l e n i u m ) ,  a 
t o t a l  o f  6 . 4  t ons  o f  s e l e n i u m was r e l e a s e d  i n t o  t he  
amb i en t  a i r .  Wi t h  a d o u b l i n g  o f  p r o d u c t i o n  s i n c e  1968,  
and assumi ng a v e r y  smal l  i n c r e a s e  per  y e a r  a f t e r  t h i s  
d a t e ,  t h i s  t i me  span woul d  y i e l d  a n o t h e r  4 . 8  t ons  o f  
s e l e n i u m.  Thus,  t he  c o n s e r v a t i v e  t o t a l  b u l k  o f  s e l e n i u m 
e m i t t e d  d u r i n g  t he  c o u r s e  o f  t he  p l a n t ' s  l i f e t i m e  i s  
abou t  87 t o n s .  Because o f  t he r a p i d  p r e c i p i t a t i o n  f o r  
t he  p l ume,  t he  p r o b a b l e  ar ea o f  maximum i m p a c t ,  i . e . ,  
where s o i l  s e l e n i u m c o n c e n t r a t i o n s  w i l l  be s i g n i f i c a n t l y  
above backg r ound  l e v e l s  wou l d  be 100 squar e  m i l e s .  The 
r a t e  o f  d e p o s i t i o n  ( ave r a g e d  o v e r  t he p l a n t ' s  l i f e t i m e )
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woul d be 87 t o n s / 8 7  y r s .  d i v i d e d  by 100 m i l e s  or  0.01
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2
t o n s / y r .  m i l e  . Th i s  f i g u r e  t r a n s l a t e s  t o  1.7 l b s . / m o n t h
2 _ 2 2 
■mi l e  ; s i n c e  1 squar e  f o o t  e qua l s  9.61 x 10 m , t hen
7. 72 X 10^ gms / 2 . 59  x 10^ m̂  e q u a l s  2.71 x 10”  ̂ gms/m^-
mont h.  Now, i f  t he i mpac t ed  ar ea i s  r educed t o 4 squar e
m i l e s ,  as i s  a p p a r e n t l y  t he  case f o r  a r s e n i c ,  t he r a t e
- 4 2o f  d e p o s i t i o n  i n c r e a s e s  t o  6 . 78  x 10 gms. /m - mont h.
2
U t i l i z i n g  a we i g h t e d  aver age ( C . l )  o f  1. 85 mg/m -month
2
a r s e n i c  d e p o s i t i o n  w i t h i n  t h i s  4 m i l e  a r e a ,  and an 
aver age  c o n c e n t r a t i o n  o f  60 ppm ( 4 4 ) ,  t he  s e l e n i u m l e v e l
i n t he  upper  f o u r  i n c h e s  o f  s o i l  was e s t i m a t e d  to be
( . 6 8 / 1 . 8 5 )  X 60 o r  22 ppm. I f  t h i s  appr oach  i s  expanded 
t o a 100 squar e  m i l e  a r e a ,  and u s i n g  an ave r age  a r s e n i c  
c o n c e n t r a t i o n  o f  11 ppm, t hen t he s e l e n i u m l e v e l  f a l l s  
t o  3 . 7  ppm, s t i l l  s e l e n i f e r o u s  i n n a t u r e .  Th i s  assumes 
t h a t  s e l e n i u m l o s s  f r om t he  s o i l  p r o f i l e  i s  i g n o r e d ,  i . e .  
t h a t  no downward l e a c h i n g ,  v o l a t i l i z a t i o n  or  e r o s i o n  
o c c u r s  w i t h  t i me .
The a n a l y t i c a l  r e s u l t s  f o r  a c o mp o s i t e  or e  sampl e 
( f r om a p p r o x i m a t e l y  50 s o u r c e s ,  f r om Au g u s t ,  1976 t o mi d-  
December ,  1976)  were 15.6% (w/ w)  s u l f u r  and 0 . 5  ppm 
s e l e n i u m.  These e l e men t  c o n c e n t r a t i o n s  y i e l d  a c a l c u l a t e d  
se 1 en i u r n / s u l f u r  r a t i o  o f  1:301 244 ; t he  s e l e n i u m c o n c e n t r a ­
t i o n  i s  t hus  1 y abou t  3 . 3  x 10" ^  t h a t  o f  s u l f u r .  Us i ng
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t h i s  d a t a ,  3 . 4  x 10 t ons  t i mes  30 d a y s / mo n t h  x 3 . 3  x 
10 or  3 . 36 X 10 t ons  o f  s e l e n i u m i s  b e l i e v e d  t o  l eav e
t he ASARCO s t a c k / m o n t h .  A c o n v e r s a t i o n  w i t h  t he p l a n t
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manager ,  S t a n l e y  Lane,  r e v e a l e d  t h e i r  c a l c u l a t i o n s  o f  
_ 2
2 x 1 0  t ons  was near  t he  above v a l u e .  Because 3. 36 
_ 2
X 10 t ons  i s  e q u i v a l e n t  t o  67 . 2  pounds/ mo n t h ,  t hen 
t he  " a v e r a g e "  s e l e n i u m e mi s s i o n  r a t e  f o r  t he p e r i o d  
1889- 1968 e q u a l s  ( 3 3 . 6  + . 0 0 3 ) / 2  or  16. 8  l b s . ,  v e r y  
c l o s e  t o  t he  17 l b .  f i g u r e  a r r i v e d  a t  by an i n d e p e n d e n t  
me t h o d .
I t  i s  i m p o r t a n t  t o  no t e  t h a t  t h e s e  c a l c u l a t i o n s  o n l y  
seek t o d e mo n s t r a t e  t h a t  t he s o i l  s e l e n i u m bur den ,  e s pe ­
c i a l l y  i n  t he  upper  4 i n c h e s  o f  s o i l ,  has been e l e v a t e d  
due t o  t he a c t i v i t i e s  o f  t he  East  Hel ena s m e l t e r  compl ex .  
The numbers a r r i v e d  a t  above o n l y  a t t e m p t  t o  e s t i m a t e  t he 
r e l a t i v e  ma gn i t ude  o f  such i n c r e a s e  ov e r  b a s e l i n e  l e v e l s .  
I f  t he  s o i l  s e l e n i u m c o n c e n t r a t i o n  i s  i n  t he  above range 
( 3 . 7 - 2 2  ppm) ,  and i f  10% or  more o f  t he  e l emen t  i n  i n  a 
b i o l o g i c a l l y  a v a i l a b l e  f o r m,  t hen t he  p o t e n t i a l  f o r  s e l e ­
n i f e r o u s  f l o r a ,  and c o n s e q u en t  d e t r i m e n t a l  e f f e c t s  on 
d o me s t i c  g r a z i n g - s t o c k  a r i s e s .  However ,  a c o n v e r s a t i o n  
w i t h  C.R.  L i e s  a t  t he  USDA s t a t i s t i c a l  R e p o r t i n g  S e r v i c e  
and c o r r e s p o n d e n c e  w i t h  S t and i  y Howard,  Lewi s and C l a r k  
Co. a g r i c u l t u r a l  e x t e n s i o n  a g e n t ,  have r e v e a l e d  n e i t h e r  
s e l e n o s i s  ( s e l e n i u m - t o x i c i t y )  nor  d e f i c i e n c y  syndromes 
have been r e p o r t e d  i n  such a n i ma l s  i n t he s t u d y  a r ea .
I t  was c o n c l u d e d  t h a t  e i t h e r  t he  above s e l e n i u m c o n c e n ­
t r a t i o n s  ar e  h i g h e r  t han t hos e  r e a l l y  e x i s t i n g  i n t he 
s t u d y  a r e a ,  o r  t h a t  t he s e l e n i u m i s  no t  p r e s e n t  i n a
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b i o l o g i c a l l y  a v a i l a b l e  f o r m,  one c a p a b l e  o f  be i ng  adsor bed 
by p l a n t s  t o  t o x i c  c o n c e n t r a t i o n s ,  as w i l l  be a l l u d e d  t o 
i n t he  f o l l o w i n g  s e c t i o n  o f  t h i s  c h a p t e r .
B i o g e o c h e mi c a l  P r o p e r t i e s  o f  Se l en i um
Geo 10  gy
The r e l a t i o n s h i p  bet ween s u l f u r  and s e l e n i u m c o n c e n ­
t r a t i o n s  i n g e o l o g i c  m a t e r i a l s  o f  v a r i o u s  o r i g i n  i s  g i v e n
i n t he f o l l o w i n g t a b l e  ( 4 5 ) :
TABLE 2
SELENIUM AND SULFUR CONTENTS
VARIOUS ORIGIN
IN GEOLOGIC MATERIALS 
( i n  ppm)
Sul  f u r Se l en i um
U 1 t r a b a s i c 300 0. 05
B a s a l t i c 300 0. 05
Hi gh- Ca G r a n i t i c 300 0. 05
Low-Ca G r a n i t i c 300 0. 05
Sha l es 2400 0 . 60
Sands t ones 240 0. 05
Car bona t es 1 200 0 . 08
U l t r a b a s i c  r o c k s ,  e . g .  p e r i d o t i t e s ,  d u n i t es  and b a s i c  
r o c k s ,  e . g .  gabbr o  and b a s a l t  t end  t o  c o n c e n t r a t e  t r a n ­
s i t i o n  g r oup  ( " i r o n  f a m i l y " )  e l e men t s  f r om s c a n d i n a v i  urn 
n i c k e l  p l u s  c oppe r  and z i n c ,  w h i l e  " a c i d "  r o c k s ,  e . g .  
g r a n i t e ,  a c c u mu l a t e  t he  a l k a l i  and a l k a l i n e  e a r t h s .
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L i me s t o n e s  and sands t ones  a r e  g e n e r a l l y  d e f i c i e n t  i n most  
t r a c e  e l e me n t s ,  and even t h o s e  p r e s e n t  i n  t he  l a t t e r ,  
e . g .  z i r c o n i u m  and t he  r a r e  e a r t h s  ar e i n  an i n s o l u b l e  
f o r m ( 4 6 ) .  Sha l es  and c l a y s  can have Zn,  Cd, Cu, V and 
Se,  where such e l emen t s  ar e  a s s o c i a t e d  w i t h  e i t h e r  t he 
c l a y  m i n e r a l  f r a c t i o n  o r  o r g a n i c  m a t e r i a l  i n  t he g i v en  
s o u r c e .  Se l en i um can a c c u mu l a t e  i n u r an i um or e bod i es  
t h a t  ar e c o n c e n t r a t e d  i n c a r bonac eous  d e b r i s  i n  sand ­
s t ones  ( 4 7 ) .  I t  a l s o  e x i s t s  i n phosphat e  r o c k s ,  c r e a t i n g  
t he p o s s i b i l i t y  f o r  s e l e n i u m t o  t hus  accompany such 
d e r i v e d  f e r t i l i z e r s  i n t o  t he  s o i l  ( 4 8 ) .  Mar i ne  sed i ment s  
f r om t he C o n t i n e n t a l  S h e l f  aver age  1 t o 2 ppm, w h i l e  deep 
sea c o r es  have f a r  l owe r  v a l u e s .  " Se l e n i u m assays  o f  t he 
C o n t i n e n t a l  S h e l f  d e p o s i t s  c o r r e s p o n d  c l o s e l y  w i t h  t he 
s e l e n i u m c o n t e n t  o f  t he  s e d i m e n t a r y  r ock  s t r a t a  o f  West ern 
U n i t e d  S t a t e s  and t he  s o i l s  d e r i v e d  f r om them"  ( 4 9 ) .
S e d i me n t a r y  f o r m a t i o n s  f r om t he l a t e  P a l e o z o i c  Era 
t o  t he  P r e s e n t  c o n t a i n  a number  o f  s e l e n i f e r o u s  s t r a t a  
i n c l u d i n g  t he  Cr e t ac e o u s  N i o b r a r a  F o r ma t i o n ,  t he  Permi an 
Ph o s p h o r i a  Fo r ma t i o n  ( wh i ch  m i g h t  be p r e s e n t  i n t he  s o u t h ­
e a s t  p o r t i o n  o f  t he  s t u d y  a r e a ) ,  t he  P i e r r e  Fo r ma t i o n  and 
Mont e r ay  Sha l e .  Bei ng o f  mar i ne  o r i g i n ,  t he s e l e n i u m 
c o n t a i n e d  i n  such s t r a t a  may have been d e r i v e d  f r om t he 
d r a i n i n g  o f  c a l i c h e - r i c h  e r o s i o n  s u r f a c e s  f or med on t he  
e a s t e r n  s l o p e s  o f  t he  t h e n - r i s i n g  c o r d i l l e r a n s  ( 5 0 ) .  I t  
has been e s t i m a t e d  t h a t  v o l c a n i s m  has added 475 grams o f
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s u l f u r  and 0.1 gram o f  s e l e n i u m t o each squar e  c e n t i m e t e r  
o f  t he  e a r t h ' s  s u r f a c e  t h r o u g h o u t  i t s  e x i s t e n c e  ( 5 1 ) .
The a s s o c i a t i o n  o f  s e l e n i f e r o u s  s o i l s  w i t h  p a r e n t  m a t e r i a l  
d e r i v e d  f r om v o l c a n i c  a c t i v i t y  i s  no t  a b s o l u t e ,  however ,  
s i n c e  " c a r b o n a c e o u s  and r ed s ha l es  o f  t he M i s s i s s i p i a n  
and P e n n s y l v a n i a n  f o r m a t i o n s  ( C a r b o n i f e r o u s )  . . . w e r e  l a i d  
down i n  n o n - v o l c a n i c  p e r i o d s "  ( 5 2 ) .  In r e g a r d s  t o t he 
f o r m a t i o n  o f  s e l e n i f e r o u s  s o i l  f r om g i v e n  s e l e n i f e r o u s  
p a r e n t  m a t e r i a l  (as a b o v e ) ,  t he  r a t e  o f  sed i men t  d e p o s i ­
t i o n  seems t o  i n f l u e n c e  t he s e l e n i u m l e v e l s  obse r ved  f r om 
one s o i l  s i t e  t o  a n o t h e r  f or med on a g i v e n  s e l e n i f e r o u s  
s t r a t e ,  as no t ed  by A. L .  Moxon ejt i n Sout h Dakot a
( 5 3 ) .  I t  shou l d  a l s o  be not ed t h a t  t h i s  v a r i a t i o n  i n 
s o i l  s e l e n i u m c o n t e n t  i s  r e f l e c t e d  i n t he  t o x i c i t y  o f  
t he f l o r a  t h a t  may grow i n  i t ,  even ov e r  smal l  a r eas  ( 5 4 ) .
In Mont ana,  v o l c a n i c  a c t i v i t y  and i n t r u s i o n s  west  o f  
t he  C o n t i n e n t a l  D i v i d e  have l a r g e l y  b u r i e d  s e l e n i f e r o u s  
s t r a t a ,  t hus  m a i n l y  l i m i t i n g  t he  c o ns equen t  s e l e n i u m-  
b e a r i n g  s o i l s  and f l o r a  t o t he  e a s t  s i de  o f  t he Rocky 
Mo un t a i n s  ( 5 5 ) .  Such s e l e n i f e r o u s  s o i l s  aver age 2 t o  3 
ppm s e l e n i u m and ar e  a s s o c i a t e d  w i t h  a r i d  t o semi  a r i d  
c l i m a t e s  where annual  p r e c i p i t a t i o n  ( l e s s  t han 20" )  i s
i n s u f f i c i e n t  t o  l e a c h  even t he  more s o l u b l e  s pec i es  ( e . g .
-  2s e l e n a t e  i o n ,  SeO^~ ) t o  l o we r  p o s i t i o n s  i n t he  s o i l
p r o f i l e .  Thus,  s o i l s  " c o n t a i n i n g  o n l y  2 or  3 ppm s e l e n i u m
commonl y s u s t a i n  p l a n t s  w i t h  a s e l e n i u m c o n t e n t  o f  50 t o
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10 , 000  ppm, and i n  one i n s t a n c e  a r e c o r d  14, 952 ppm" (56)  
I t  i s  i m p o r t a n t  t o  no t e  t h a t  s e l e n i f e r o u s  s o i l s  ar e  not  
n e c e s s a r i l y  t o x i c ,  i . e .  m i t i g a t i n g  s o i l  f a c t o r s  can ma i n ­
t a i n  t he e l e men t  i n  a b i o l o g i c a l l y  u n a v a i l a b l e  f o r m as 
has been obs e r ved  i n  c e r t a i n  Hawa i i an  ( 57)  and Puer t o  
Ri can ( 58)  s o i l s  d e r i v e d  f r om v o l c a n i c  and f e r r u g i n o u s  
c r e t a c e o u s  s h a l e s ,  r e s p e c t i v e l y .
So i l  f a c t o r s  d e t e r m i n i n g  s e l e n i u m a v a i l a b i l i t y
Due t o  t he  smal l  amount  o f  annual  p r e c i p i t a t i o n ,  
( i n c l u d i n g  i t s  v a r i a b i l i t y  f r om y e a r  t o  y e a r )  p l u s  h i gh 
é v a p o t r a n s p i r a t i o n  r a t e s  and t e mp e r a t u r e  ex t r emes  f ound 
i n t he  s h o r t  g r ass  p r a i r i e - s t e p p e  i n  t he s t udy  r e g i o n ,  
t he d o mi nan t  pedogen i c  p r oc es s  i s  c a l c i f i c a t i o n ,  f o r m i n g  
c h e s t n u t  s o i l s .  S a l i n i z a t i o n  o c c u r s  i n p o o r l y  d r a i n e d  
s i t e s  where s u r f a c e  m o i s t u r e  (and r u n o f f )  e v a p o r a t e s ,  
l e a v i n g  t he  s a l t  c r u s t  on o r  near  t he  s u r f a c e  as obser ved  
i n  s c a t t e r e d  l o c a t i o n s  n o r t h  o f  East  He l ena.  In t he 
f o r m e r  s i t u a t i o n ,  t he da r k  brown A h o r i z o n  i s  r i c h  i n 
bo t h  humus and bases (K"**, C"^^, Na"*", Mg^^)  whi ch are 
i n t e n s e l y  c y c l e d  bet ween t he  s o i l  and l a r g e l y  her baceous  
f l o r a .  An excess  o f  CaCO^ a n d / o r  CaSO^ ( e x i s t i n g  as 
n o d u l e s ,  s l a b s ,  o r  dense ,  s t o n y  l a y e r s  t er med c a l i c h e ) ,  
l i e s  i n  t he  p r i s m a t i c ,  brown t o  y e l l o w i s h  brown B h o r i z o n  
The a l k a l i n e  s a l t s  a r e  s u p p l i e d  by t he  c a p i l l a r y  r i s e  o f  
s o i l  s o l u t i o n  f r om t he l i g h t l y  c o l o r e d  s u b s o i l  d u r i n g  t he  
d r y  season.  M i c r o b i a l  a c t i v i t y  i s  r e s t r i c t e d ,  t hus  humus
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and i n o r g a n i c  c o l l o i d a l  m a t e r i a l  t ends  t o r emai n i n p l a c e ,  
e x i s t i n g  i n  a f l o c c u l a t e d  s t a t e  t h a t  bonds t he s o i l  
p a r t i c l e s  i n t o  a g g r e g a t e  s t r u c t u r e s .  I f  t he i n f l u e n c e  
o f  t he l i m e s t o n e  p a r e n t  m a t e r i a l  i s  s t r o n g ,  t hen i n t r a z o n a l  
c a l e i  mo r ph i c  s o i l s  o c c u r ,  w i t h  humus abundan t  i n t he upper  
l a y e r ,  and t he  l owe r  s o i l  p o s i t i o n s '  c o l o r  be i ng  y e l l o w  
brown.  Th i s  i s  due l a r g e l y  t o t he  p r esence  o f  h y d r a t e d  
i r o n  o x i d e s .  Ha l o mo r p h i c  s o i l s  e x i s t  i n  t he  p o o r l y  
d r a i n e d  a r eas  o f  t he  Hel ena V a l l e y  ( b u t  on a s m a l l ,  
s e v e r a l  hundred ac r e  s c a l e ) ;  s i l t s  and c l a y s  domi na t e  t he 
s o i l  t e x t u r e .  The s a l i n e  o r  " w h i t e  a l k a l i "  s o i l s  a r i s i n g  
under  such c o n d i t i o n s  ar e r i c h  w i t h  t he  c h l o r i d e ,  s u l f a t e ,  
c a r b o n a t e  and c i  c a r b o n a t e  s a l t s  o f  t he a l k a l i  and a l k a l i n e  
e a r t h  m e t a l s .  The pH o f  c h e s t n u t  s o i l s  r anges  f r om 7. 5  
t o 8 . 5  w h i l e  t he s a l i n e  s o i l s  r ange f r om 8 . 0  to 9. 5 i n  t he 
A h o r i z o n .
The more humi d n e e d l e - l e a f  f o r e s t  s o i l s  ( s i t e  13) are 
domi na t ed  by p o d z o l i z a t i o n ,  where t he  a c c umu l a t ed  humi c 
a c i d s  l eac h  t he A h o r i z o n ' s  bases ,  c o l l o i d s  and t he o x i d e s  
o f  i r o n  and a l umi num i n t o  t he  B h o r i z o n .  An ashen A2  
h o r i z o n  ( b e i n g  m o s t l y  s i l i c a )  r e ma i n s ;  however ,  some upward 
c a t i o n  movement  does o c c u r  i n  t he  summer mont hs .  The B
h o r i z o n  i s  y e l l o w i s h - b r o w n  t o  l i g h t  r e d d i s h  brown (due to
i r o n  s e s q u i o x i d e ,  Fe^O^)  i n  c o l o r .
A gene r a l  o v e r v i e w  o f  s e l e n i u m and i t s  i n t e r a c t i o n s
i n t he  s o i l  can be seen i n F i g u r e  2 be l ow ( 5 9 ) :
27
A c i d - P o o r l y  Ae r a t e d  Wel l  Ae r a t e d  - A l k a l i n e
s e l e n i d e ( - 2 )  e l e me n t a l  ( 0)?=i  s e l e n i t e s (  + 4 ) ^ s e l e n a t e s (  + 6) 
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C u S e ,  K^p = 1 0  C a S e O g ,  K ^ ^ ^ I O  C a S e O ^ ,  = 1 0
F i g u r e  2 - - S o i l  Se l en i um Spec i es  and T h e i r  R e l a t i o n s  to 
Each Ot he r
C l e a r l y ,  t he  mas t e r  v a r i a b l e s  i n d e t e r m i n i n g  t he f or m o f  
s e l e n i u m i n  a g i v e n  s o i l  a r e  t he  r edox  p o t e n t i a l  and
pH, where t he  r e l a t i o n s h i p  bet ween t he  two i s  cover ed  
t h o r o u g h l y  by H.R.  Gee r i ng  e_t ( 60)  p l u s  Coleman and
De l evaux  ( 6 1 ) .  The heavy met a l  s e l e n i d e s  ar e v e r y  i n s o l ­
u b l e ,  as ar e  t he  a l l o t r o p i e  f or ms o f  Se° ,  i n  aqueous-  
s o l v e n t  sys t ems .  The s t a b i l i t y  o f  e l e me n t a l  s e l e n i u m i n 
a c i d  s o i l s  i s  u n c e r t a i n ,  however  i t  can p e r c o l a t e  down­
ward t h r o u g h  t he  s o i l  p r o f i l e  w i t h o u t  be i ng  o x i d i z e d  ( 6 2 ) .  
Gi ven t he  e x pec t ed  c o n d i t i o n s  o f  t he  s t u d y  a r e a ' s  u n p o l ­
l u t e d  s o i l s ,  t he s e l e n i u m p r e s e n t  woul d  p r e d o mi n a t e  as t he 
b i o l o g i c a l l y  a v a i l a b l e  s e l e n a t e  i o n .  L ess e r  amounts o f  
s e l e n i t e  ( o r  e x c hangeab l e  s e l e n i u m)  woul d be p r e s e n t ,  
be i ng  adsor bed  on t o  hydr ous  i r o n  o x i d e s ,  f o r m i n g  i n s o l u b l e  
Fe( OH) 2 $eOn p r e c i p i t a t e s ,  o r  by a l umi num a l l o p h a n e - t y p e  
c o l l o i d  compl exes  ( 6 3 ) .  Th i s  s o r p t i o n  p r oc ess  mi g h t  
c o n t r o l  t he e q u i l i b r i u m  s o l u b i l i t y  o f  t he  v a r i o u s  s p e c i e s  
o f  s o i l  s e l e n i u m ( 6 4 ) ,  be i ng  s u f f i c i e n t l y  i n s o l u b l e  t o 
r e s i s t  o x i d a t i o n  t o  s e l e n a t e  when t he  pH i s  g r e a t e r  t han 
7 and r e d u c t i o n  t o  Se° a n d / o r  s e l e n i d e  i on i n a c i d  s o i l  
c o n d i t i o n s .  Ca u t i o n  must  be t aken  when c o n s i d e r i n g  t he
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r a t e s  o f  such r e a c t i o n s ,  s i n c e  so l i t t l e  i n f o r m a t i o n  i s
a v a i l a b l e  on t he  f a c t o r s  wh i ch  i n f l u e n c e  c y c l i n g  r a t e s .
" I t  i s  c u r r e n t l y  i m p o s s i b l e  t o p r e d i c t  w i t h  a c c u r a c y  
t he  r a t e  o f  o x i d a t i o n  o f  e l e me n t a l  s e l e n i u m t o  s e l ­
e n i t e  o r  s e l e n a t e  i n s o i l s .  L i k e w i s e ,  i t  i s  i mpos ­
s i b l e  t o  p r e d i c t  t he r e v e r s e  s i t u a t i o n  on how 
r a p i d l y  s o l u b l e  s e l e n i t e  or  s e l e n a t e  w i l l  r e a c t  t o 
f o r m s t a b l e ,  i n s o l u b l e  compl exes  i n soi  I s " ( 6 5 ) .
In s e l e n i u m a c c u m u l a t i n g  s p e c i e s  o f  t he l egume genus
A s t r a g a l u s , t he r a t e  o f  s e l e n i t e  up t ake  i n c r e a s e s  w i t h
d e c r e a s i n g  pH, be i ng  r educed t o  e l e me n t a l  s e l e n i u m i n t he
r o o t  s ys t ems ,  due e i t h e r  t o  m i c r o b i a l  a c t i v i t y  ( d i s c u s s e d
be l ow)  o r  by a b i o - o r g a n i c  a g e n t ,  e . g .  g l u t h a t h i o n e ,
a s c o r b i c  a c i d  o r  a r e d u c i n g  s uga r .  In r e f e r e n c e  t o A.
b i s u l c a t u s , s e l e n i t e ,  and t o  a l e s s e r  d eg r ee ,  s e l e n a t e
( b o t h  p r e s e n t  a t  <50 p g - a t o m s / 1 )  med i a t ed  10 uM phosphat e
i on t o x i c i t y  ( 6 6 ) ,  w h i l e  bot h  s p e c i e s  i n t e r f e r e d  w i t h
manganese a b s o r p t i o n  ( 6 7 ) .  The a u t h o r s  a l s o  not ed t h a t
phospha t e  t ended t o  enhance t he  s o r p t i o n  o f  m a c r o n u t r i e n t
c a t i o n s ,  K , Mg , Ca
In a q u a t i c  e c os y s t ems ,  s e l e n i u m i s  p r o b a b l y  adsor bed
on t o  t he  s u r f a c e  o f  f i n e - g r a i n e d  manganese,  i r o n  or
phosphat e  s e d i men t s  r a t h e r  t han  u n d e r g o i n g  a chemi ca l
r e a c t i o n  w i t h  t hem;  however ,  c o p r e c i p i t a t i o n  o f  s e l e n i t e
i on w i t h  i r o n  h y d r o x i d e  may be s i g n i f i c a n t  d u r i n g  t he
s p r i n g  and f a l l  t u r n o v e r  p e r i o d s .  Compared t o  t he s e l e n i u m
c o n c e n t r a t i o n s  f ound i n  n o n - t o x i c  s o i l s  and l o w - s e l e n i u m
r e g i o n s  o f  t he U.S.  such sed i men t s  " c o n t a i n  c o n s i d e r a b l y
h i g h e r  c o n c e n t r a t i o n s  o f  s e l e n i u m i n d i c a t i n g  t h a t  sed i men t s
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ar e p r o b a b l y  a r e s e r v o i r  f o r  s e l e n i u m"  ( 5 8 ) .  I t  i s  a l s o  
i n t e r e s t i n g  t o no t e  t h a t  m é t h y l a t i o n  o f  i n o r g a n i c  s e l e n i u m 
by c e r t a i n  s p e c i e s  i n  t he genera Ae r omonas , F l a v o b a c t e r i u m  
and ( t e n t a t i v e l y )  Pseudomonas o c c u r r e d  i n l ake  sed i men t s  
f r om t he  Sudbur y ,  O n t a r i o  a r e a ,  under  e i t h e r  a n a e r o b i c  
or  a e r o b i c  c o n d i t i o n s  ( 6 9 ) .  S i m i l a r  o b s e r v a t i o n s  have 
been made on s e l e n i f e r o u s  s o i l s  f r om Sout h Dakot a ,  where 
t he  r a t e  o f  e v o l u t i o n  o f  (CH^)^  s e l e n i u m depends on t he 
amount  o f  o r g a n i c  m a t t e r  and w a t e r - s o l u b l e  s e l e n i u m 
p r e s e n t  ( 7 0 ) .
The s o i l  c o l l o i d  c o n t e n t  i s  a n o t h e r  i m p o r t a n t  p a r ame t e r  
i n  r e g u l a t i n g  t he b i o a v a i l a b i l i t y  o f  s e l e n i u m.  The two 
ma j o r  f r a c t i o n s  i n c l u d e  t he  c l a y  m i c e l l e s  ( d i am.  <^0.002 
mm) w i t h  t h e i r  n e g a t i v e  s u r f a c e  c h a r g e ,  and t he  humi c -  
f u l v i c  a c i d  f r a c t i o n ,  p r o b a b l y  pr oduced by t he h u m i f i c a ­
t i o n  o f  l i g n i n s  a n d / o r  h y d r o l y z a b l e  c a r b o h y d r a t e s .
G. G i s s e l - N i e l s e n ,  i n  a s t u d y  o f  s e l e n i u m up t ake  as
7 ^
Kg SeOq by I t a l i a n  r y e g r a s s ,  L o l i u m m u l t i f l o r u m , obse r ved
t h a t  t he  i on a b s o r p t i o n  was h i n d e r e d  by i n c r e a s i n g  c l a y
c o n t e n t ,  bu t  c o u l d  be med i a t ed  by i n c r e a s i n g  t he pH. Due
to t he  ev e r  d e c r e a s i n g  a v a i l a b i l i t y  o f  s e l e n i u m,  bo t h
e f f e c t s  became l e s s  o b v i o u s  w i t h  t i me  ( 7 1 ) .  S i m i l a r
o b s e r v a t i o n s  were made i n  a g r eenhouse  s t u d y  u t i l i z i n g
7 5 7 5e i t h e r  0 . 5  ppm Kg SeOg o r  SeO^ on s e l e c t e d  f l o r a ,  
where t he  l a t t e r  i o n i c  f o r m o f  s e l e n i u m was absor bed  by 
a f a c t o r  o f  a p p r o x i m a t e l y  6 ( o v e r  t he f o r m e r )  i n t he  6
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s t u d i e d  Dan i sh  l oam or  muck s o i l s ;  t he  l o we s t  up t ake  
o c c u r r e d  i n  t he  muck s o i l ,  p r o b a b l y  due t o  i t s  h i gh  
o r g a n i c  c o n t e n t  ( 7 2 ) .
C o l l o i d a l  o r g a n i c  m a t t e r  can d i m i n i s h  t he s e l e n i t e  
p o o l ,  bu t  has l i t t l e  i n f l u e n c e  on t he s e l e n a t e  l e v e l  o f  
a g i v e n  s o i l .  In bo t h  chernozem and da r k  c h e s t n u t  s o i l  
t ypes  t he  humi c a c i d  c o n t e n t  i s  much g r e a t e r  t han t he  
f u l v i c  a c i d  c o n c e n t r a t i o n  ( t h e  r e v e r s e  i s  t r u e  f o r  pod­
z o l s ) .  The f o r me r  ar e  s t a b l e  and t end t o  i mpet e  i l l u v i ­
a t i o n  w h i l e  t he l a t t e r  a s s i s t  i n t he  downward m o b i l i z a t i o n  
o f  v a r i o u s  e l e me n t s ,  p a r t i c u l a r l y  i r o n  and a l umi num.  As 
s t a t e d  i n  N. F.  E r mo l e n k o ' s  t e x t  on t h i s  s u b j e c t :
" I t  i s  seen t h a t  t he  h i g h e r - m o l e c u l a r  a c i d s ,
(humi c a c i d s )  ar e  c ap a b l e  o f  r e t a i n i n g  t r a c e  
e l emen t s  i n  s o i l s ,  w h i l e  l o w - m o l e c u l a r  o r g a n i c  
a c i d s  ( c i t r i c ,  o x a l i c ,  e t c .  a c i d s )  f o r m c h e l a t e  
compounds w i t h  t r a c e  e l emen t s  and seem t o  f a v o r  
t h e i r  s e l e c t i v e  a b s o r p t i o n  by p l a n t s "  ( 7 3 ) .
The i n f l u e n c e  o f  t he  humi c s ub s t a n c es  p l u s  ami nes ar e 
moder a t ed  by c a l c i u m  s a l t s  wh i ch  c o a g u l a t e  many o f  t he 
c o l l o i d a l  s u b s t a n c e s ,  p r o d u c i n g  l i g h t ,  w e l l - d r a i n e d  s o i l s .  
( Th i s  i s  i n  c o n t r a s t  t o  t he  h i gh  s i l t - c l a y  s o i l s ,  wh i ch  
can be dense and r e s t r i c t i v e  t o  t he  downward movement  o f  
s o i l  s o l u t i o n ,  e s p e c i a l l y  under  c o n d i t i o n s  o f  l ow r a i n f a l l ,  
a l l o w i n g  t he  s o i l  p r o f i l e  t o r e t a i n  h i gh  s e l e n i u m c o n c e n ­
t r a t i o n s . )  T h e r e f o r e  t h e r e  e x i s t s  t he t en d e nc y  t o  pr oduce  
c a l c i p h i l o u s  f l o r a  as f ound i n  t he  gener a Br omus , F e s t u c a , 
Pi  an t h u s ,  Fagus and L i n a r i a . Wi t h t he i n p u t  o f  a c i d
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p r o d u c t s  ( i n c l u d i n g  t he  hyd r on i um i o n ) ,  t he c a r b o x y l  a t e  
g r oups  a r e  p r o t o n a t e d ,  r e d u c i n g  t he  bond i ng  o r  c o mp l e x i n g  
c a p a c i t y  o f  t he humi c mo l e c u l e s .  Rapi d l e a c h i n g  o f  base 
c a t i o n s  can f o l l o w ,  r e d u c i n g  t he  a c t i v i t y  o f  t he m i c r o ­
f l o r a ,  p a r t i c u l a r l y  t he n i t r o g e n - f i x e r s  and n i t r i f i e r s  
( 7 4 ) .  I n t e r s p e c i f i c  d i f f e r e n c e s  i n t he  r o o t  syst ems o f  
p l a n t s  ar e  an i m p o r t a n t  f a c t o r  i n  t h e i r  g r owt h  and s u r ­
v i v a l  "and u n d o u b t e d l y  an i m p o r t a n t  f a c t o r  i n  t h e i r
a b i l i t y  t o abso r b  m i n e r a l  e l e me n t s "  ( 7 5 ) .  The a c i d s  and
enzymes s e c r e t e d  by r o o t  syst ems no t  o n l y  c o n v e r t  o r g a n i c  
r e s i d u e s  i n t o  s i m p l e r  and more r e a d i l y  a s s i m i l a b l e  f o r ms ,  
but  absor b  s o i l  t r a c e  e l e men t s  ( e . g .  As,  Se,  Cu, Zn)  by 
an i n t e r n a l  compl ex  f o r m a t i o n ,  where t he  s t r u c t u r e  and 
mechani sm f o r  t he  case o f  s e l e n i u m i s  u n c l e a r  ( 7 6 ) .
Or gan i c  s e l e n i u m f r om d e c a y i n g  v e g e t a t i o n  ( e . g .  O.A.  Beat h 
e t  aj^. ' s " c o n v e r t e r  f l o r a " )  r e t u r n s  t o  t he  s o i l ,  where
most  o f  i t  r emai ns  i n  t he  humus f r a c t i o n .  S o i l  sampl es
t a k e n ,  " wher e  t h e r e  have been heavy g r owt hs  o f  h i g h l y  
s e l e n i f e r o u s  v e g e t a t i o n  show h i g h  c o n c e n t r a t i o n s  o f  
s e l e n i u m i n  t he humus" ( 7 7 ) ,  a l t h o u g h  t he e x a c t  c hemi c a l  
n a t u r e  was unknown.  I f  t he pH i s  r educed t o  a p p r o x i m a t e l y  
5 . 0 ,  t he  c o l l o i d - s e l e n i u m  i n t e r a c t i o n s  a r e  m o d i f i e d  t o  
t he  degr ee  t h a t  s e l e n i u m i s  no t  a v a i l a b l e  f o r  p l a n t  up t ak e  
Th i s  was shown by g r eenhouse  s t u d i e s  where t he  r edox - pH 
c o n d i t i o n s  shou l d  have f a v o r e d  s e l e n i t e  i on ( 7 8 ) .  I t  
s h o u l d  be n o t e d ,  u n f o r t u n a t e l y , t h a t  v i s u a l  d e t e r m i n a t i o n
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o f  excess  s e l e n i u m i n  f i e l d  e x a m i n a t i o n  o f  n o n a c c u mu l a t o r  
p l a n t  t i s s u e  has never  been document ed ( e . g .  c h l o r o s i s  o f  
a e r i a l  t i s s u e ,  as obs e r v ed  i n  n u t r i e n t  c u l t u r e ) .  Thus 
t he o n l y  r e l i a b l e  method o f  e s t i m a t i n g  t he b i o a v a i l a b i l i t y  
o f  t h i s  e l emen t  i s  t o d e v e l o p  an encompass i ng p l a n t  
samp l i ng  and a n a l y s i s  pr ogr am (as d i s c u s s e d  i n Chapt er  
IV , Me t h o d s ).
E a r l y  r e s e a r c h  u s i n g  wheat  grown i n h y d r o p o n i c  
c u l t u r e  d e mo n s t r a t e d  t h a t  i n j u r y  b y s e l e n a t e  p r o g r e s s i v e l y  
dec r eased  w i t h  i n c r e a s i n g  s u l f a t e  c o n c e n t r a t i o n  ( 7 9 ) .  
However ,  w i t h  s e l e n i t e ,  s u l f a t e  was e f f e c t i v e  ov e r  a much 
more l i m i t e d  c o n c e n t r a t i o n  r a n g e ,  i . e . ,  h i gh  s u l f a t e  d i d  
no t  r educe  l e a f  c h l o r o s i s  or  e l e me n t a l  s e l e n i u m a c c u mu l a ­
t i o n  i n t he r o o t s .  Such r o o t  a c c u m u l a t i o n  ( g i v i n g  them 
a p i n k i s h  t i n g e )  has been no t ed  i n A s t r a g a l u s  b i s u l c a t u s , 
where s e l e n i t e  up t ake  i n c r e a s e s  w i t h  d e c r e a s i n g  pH. 
A p p a r e n t l y ,  s e l e n a t e  i s  a l s o  p r e f e r e n t i a l l y  r educed ov e r  
any p r e s e n t  s u l f a t e  t o mono-  and d i - s e l e n i d e s  and f i n a l l y  
t o Se° w i t h o u t  t he f o r m a t i o n  o f  c a r b o n - s e l e n i u m  bonds 
( 8 0 ) ;  t h i s  i s  e s p e c i a l l y  t r u e  when h i gh  s e l e n i t e  l e v e l s  
ar e a c c u mu l a t e d  i n  t he  s p e c i e s .  Thus w i t h  t he  ana l ogous  
i ons  s e l e n a t e - s u l f a t e ,  t h e r e  i s  a d e f i n i t e  r e l a t i o n s h i p  
i n  t he a b s o r p t i o n  o f  t he t wo,  be i ng  a f u n c t i o n  o f  t h e i r  
c o n c e n t r a t i o n s ,  even t hough a p r e f e r e n t i a l  a b s o r p t i o n  f o r  
s u l f u r  e x i s t s .  In t he wheat  e x p e r i me n t s  men t i oned  above 
a 1 : 4  Se:S n u t r i e n t  r a t i o  y i e l d e d  a 1: 9 r a t i o  i n t he
p l a n t s  ( 8 1 ) .  Th i s  p r e f e r e n c e  f o r  s u l f u r  has been s t u d i e d  
a t  t he  m o l e c u l a r  l e v e l  where t he  Mi chae l  i s  c o n s t a n t  f o r  
 ̂ i n  e x c i s e d  b a r l e y  r o o t s  was c a l c u l a t e d  to be 
0 . 019 meq/1 vs.  0 . 015  meq/1 f o r  s e l e n a t e  i o n ,  " i n d i c a t i n g  
t h a t  t he  a f f i n i t y  o f  t hese  i ons  f o r  t h e i r  common b i n d i n g  
s i t e  i s  o f  t he  same o r d e r  o f  ma g n i t u d e "  ( 82)  a t  pH 4. 
Ca l c i um i on  i n c r e a s e d  t he  s e l e n a t e  a b s o r p t i o n  r a t e  w h i l e  
p h o s p h a t e ,  n i t r a t e  and c h l o r i d e  i ons  had no e f f e c t .  Th i s  
i m p l i c a t i o n  o f  c o m p e t i t i v e  enzyme i n h i b i t i o n  mi g h t  e x p l a i n  
t he a b i l i t y  o f  gypsum t o  r educe s e l e n i u m l e v e l s  i n  a l f a l f a  
( grown i n  l o w - s e l e n i u m  s o i l )  where most  " o f  t he  dec r ease  
i n  t he  s e l e n i u m c o n c e n t r a t i o n  r e s u l t e d  f r om a d i l u t i o n  
e f f e c t  s i n c e  y i e l d s  were g e n e r a l l y  i n c r e a s e d  by s u l f u r  
f e r t i l i z a t i o n "  ( 8 3 ) .  The r e v e r s e  s i t u a t i o n  was obser ved  
w i t h  t i m o t h y  and red c l o v e r  g r ow i n g  i n  l o w - s e l e n i u m  sandy 
o r  c l a y  l oams f r om P r i n c e  Edward I s l a n d  ( 8 4 ) ,  where p l a n t  
s e l e n i u m l e v e l s  were no t  a f f e c t e d  by s u l f u r ,  mol ybdenum 
o r  l i me  a p p l i c a t i o n s .  However ,  75% o f  t he  s o i l s  had pH 
v a l u e s  <6 . 0 ;  t he s e l e n i u m p r e s e n t  woul d  be l a r g e l y  i n 
t he  f o r m o f  a f e r r i c  i o n - s e l e n i t e  compl ex  and t h u s l y  no t  
as r e s p o n s i v e  t o  s u l f a t e  i n h i b i t i o n .
Manganese o x i d e s  can t i e  up s e l e n i t e s  i n  an i mmo b i l e  
f or m as can i r o n  h y d r o x i d e ;  t he l a t t e r ,  i f  p r e s e n t  i n 
c e r t a i n  mar i ne  c l a y s  can t i e  up s e l e n i t e  t o t he p o i n t  o f  
p r o d u c i n g  S:Se r a t i o s  as g r e a t  as 100:1 ( 8 5 ) .  Any heavy
met a l  e l e men t s  p r e s e n t  i n t he  upper  s o i l  l a y e r s  ( e . g .
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l i t t e r )  can be o x i d i z e d  by t he s o i l  b i o t a ,  i n c r e a s i n g  
t h e i r  s o l u b i l i t i e s .  Lead t ends  t o be q u i c k l y  c h e l a t e d  
by o r g a n i c  m a t t e r  w h i l e  a l a r g e  p a r t  t h a t  i s  adsor bed 
i n t o  t he  p l a n t  r emai ns  i n t he r o o t .  Th i s  i s  c o n t r a s t e d  
t o  t he  more mo b i l e  a r s e n i c ,  cadmi um and z i n c  i ons  whi ch 
can be a s s i m i l a t e d  i n t o  t he  p l a n t  t i s s u e s  v i a  t he  r o o t  
sys t em.  As obse r ved  by Ru h l i n g  and T y l e r  i n Sc a n d i n a v i a n  
s o i l s  l o c a t e d  near  a heavy met a l  (Pb)  e mi s s i o n  s o u r c e ,  
t he g e n e r a l  r a t e  o f  f o r e s t  l i t t e r  d e c o mp o s i t i o n  was 
d e p r e s s e d ,  even i n t he  p r esence  o f  adequat e  m o i s t u r e  ( 8 6 ) .  
L a i r d  Har t man has h y p o t h e s i z e d  t h a t  t he h i gh  heavy met al  
c o n c e n t r a t i o n s  i n  s o i l s  a d j a c e n t  t o  t he Washoe S m e l t e r ,  
Anaconda,  may be r e d u c i n g  t he m i c r o f u n g a l  s p e c i e s '  
d i v e r s i t y ,  and t hus  c a u s i n g  depr essed  n u t r i e n t  c y c l i n g  
and i n c o m p l e t e  d e c o m p o s i t i o n  o f  s o i l  o r g a n i c  m a t t e r  ( 8 7 ) .  
How t h i s  may a f f e c t  t he b i o a v a i l a b i l i t y  o f  s e l e n i u m f o r  
p l a n t  up t ak e  due t o  s e l e n i u m- h e a v y  m e t a l - o r g a n i c  c h e l a t e  
i n t e r a c t i o n s  and m i g r a t i o n  t h r o u g h  t he s o i l  p r o f i l e  as a 
f u n c t i o n  o f  v a r y i n g  E^-pH r ema i ns  t o  be seen.
Response o f  v e g e t a t i o n  t o a v a i l a b l e  s o i l  s e l e n i u m
In r e g a r d s  t o  t he a b s o r p t i o n  e f f i c i e n c y  o f  s e l e n i u m 
by p l a n t s ,  t he  f o l l o w i n g  t h r e e  r a t h e r  a r b i t r a r y  c a t e g o r i e s  
have been c r e a t e d  ( 3 8 ) :  ( a)  " i n d i f f e r e n t " ,  e . g .  Munzoa 
sq u a r r o s a  and Bo u t e l o u a  g r a c i l i s , ( b)  " mo d e r a t e "  ( 1 : 1 :  
pi  a n t : s o i l  r a t i o  f o r  s e l e n i u m ) ,  e . g . ,  c e r e a l  g r a s s e s ,  
s u n f l o w e r  s p e c i e s  and c e r t a i n  a s t e r s .  A s t e r  e r i c o i d e s .
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A. od scenden , ( c )  " c o n c e n t r a t o r s " ,  e . g .  Stan 1eya p i nna  t a , 
L a t h y r u s  s a t i v u s . In g e n e r a l ,  t he  a b s o r p t i o n  o f  s e l e n i u m 
appear s  t o  be a f u n c t i o n  o f  a g i v en  s p e c i e s '  s u l f u r  
r e q u i r e m e n t s ,  where c r u c i f e r s  absor b  4 t i mes  t h a t  o f  
l egumes and 8 t i me s  t h a t  o f  t he  c e r e a l s  ( 8 9 ) .
A good summary o f  t he  s e l e n i u m - a b s o r b i n g  p o t e n t i a l  
f o r  n a t i v e  g r as s es  and o t h e r  f l o r a  e x i s t i n g  i n t he  s t udy  
ar ea can be f ound i n J.W.  Ha mi l t o n  and O.A.  Beat h ( 9 0 ) .  
West ern wh e a t g r a s s  ( Ag r opy r on  s m i t h i i ) appear s  t o  be t he 
most  e f f i c i e n t  a b s o r b e r  o f  s e l e n i u m among t he g r a s s e s .
No c o r r e l a t i o n  bet ween t he t o t a l  s e l e n i u m c o n t e n t  o f  
s u r f a c e  s o i l s  and t h a t  i n t he  p l a n t  was d e mo n s t r a t e d  
b u t ,  a r e l a t i v e l y  c l o s e  c o r r e l a t i o n  d i d  e x i s t  " bet ween 
t he s e l e n i u m c o n t e n t  o f  t he v e g e t a t i o n  and t h a t  o f  t he 
t h i r d  and second f e e t  o f  s o i l .  At  l e a s t ,  p l a n t s  o f  h i gh  
s e l e n i u m c o n t e n t  a r e  no t  f ound g r owi ng  where t he s e l e n i u m 
c o n t e n t  o f  t he s o i l  i s  l ow t h r o u g h o u t  t he p r o f i l e "  ( 9 1 ) .
As obser ved  f o r  o t h e r  n u t r i e n t s  i n  bot h  p r a i r i e  g r as ses  
( 92)  and i n  s e v e r a l  d e c i d u o u s  t r e e  s p e c i e s  ( 9 3 ) ,  t he 
s e l e n i u m c o n t e n t  v a r i e s  w i t h  t he  p l a n t ' s  age ( s t a t e  o f  
g r o w t h ) ,  t he  o r g a n - t i s s u e ( s )  s e l e c t e d  and i t s  " t h r i f t ! n e s s " ,  
a f u n c t i o n  o f  g r owi n g  season c o n d i t i o n s  ( 9 4 ) ,  on a seasona l  
b a s i s  as w e l l  as f r om y e a r  t o  y e a r  ( 9 5 ) .  Geogr aph i c  f a c ­
t o r s  a l s o  p l a y  a r o l e  i n d e t e r m i n i n g  t he  s e l e n i u m a b s o r p ­
t i o n  p o t e n t i a l  o f  t he v e g e t a t i o n  i n an a r e a ,  e s p e c i a l l y  
i n  l o w - s e l e n i u m  s o i l s .  K o l j o n e n ,  i n h i s  s t u d y  o f  F i n n i s h
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v e g e t a t i o n ,  no t ed  t h a t  t he s e l e n i u m c o n t e n t  o f  p l a n t s  
" v a r i e s  w i d e l y  even w i t h i n  r e s t r i c t e d  ar eas  hav i ng  
s i m i l a r  c o n d i t i o n s .  The aver age c o n t e n t ,  a l t h o u g h  l o we r ,  
c o r r e s p o n d s  t o  t h a t  f ound i n s o i l s "  ( 9 6 ) .  C u l t i v a t e d  
c r ops  show o n l y  a s l i g h t  a b i l i t y  f o r  s e l e n i u m u p t a k e .
Sam. T r e l e a s e  c i t e d  a case where t he a n a l y s i s  o f  1000 
wheat  and wheat  p r o d u c t  sampl es showed t h a t  a p p r o x i m a t e l y  
95% o f  them has s e l e n i u m l e v e l s  l e s s  t han 5 ppm, w i t h  
o n l y  1% showi ng c o n c e n t r a t i o n s  g r e a t e r  t han 10 ppm (30 
ppm m a x . ) ;  u n f o r t u n a t e l y  t he  s o i l  t ype  and i t s  s e l e n i u m 
c o n t e n t  was u n s p e c i f i e d  ( 9 7 ) .  In a n o t h e r  s t u d y ,  O.A.
Beat h e_t no t ed an aver age  o f  1. 9 ppm i n young Montana
wheat  g r ow i n g  i n  t he  p r es enc e  o f  A s t r a g a l  us bi  s u l c a t u s  
and A . pe c t i n a t u s , where t he  l a t t e r  s p e c i e s  c o n t a i n e d  
1890 ppm o f  s e l e n i u m ( C . 2 ) .
The a c c u m u l a t o r - c o n c e n t r a t o r  p l a n t  t ype  can be 
s u b d i v i d e d  i n t o  t he  p r i m a r y  i n d i c a t o r s ,  t hose  o b l i g a t e  
s p e c i e s  t h a t  r e q u i r e  s e l e n i f e r o u s  s o i l s  ( e . g .  ppm 
s e l e n i u m)  t o  s u s t a i n  v i a b l e  p o p u l a t i o n s  ve r sus  t he  s e c o n ­
da r y  ( f a c u l t a t i v e )  ones t h a t  ar e  cap a b l e  o f  a b s o r b i n g  
l a r g e  amount s o f  t h i s  e l e men t  w i t h o u t  n e c e s s a r i l y  r e q u i r i n g  
i t .  In t he f o r me r  case ,  Pe t e r s o n  and B u t l e r  obser ved  t h a t  
^ ^ S e - s e l e n i t e  was m e t a b o l i z e d  p r e d o m i n a n t l y  i n t o  e t h a n o l -  
s o l u b l e  compounds i n  Nep t u n i a  a m p l e x i c a u l i s , an A u s t r a l i a n  
l egume,  w i t h  n e g l i g i b l e  l a b e l i n g  o f  t he p r o t e i n  f r a c t i o n .  
They not ed t h a t  i r r e s p e c t i v e  " o f  wh e t h e r  ^ ^ S e - s e l e n i t e  or
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S e - s e l e n a t e  was a d m i n i s t e r e d ,  95 p e r c e n t  o f  t he Se
was s o l u b l e  f r om t he shoo t s  and 75 p e r c e n t  f r om t he 
r o o t s . . .  No f r e e  o r  p r o t e i n - b o u n d  s e l e n o c y s t e i n e  or  
s e l e n o m e t h i o n i n e  c o u l d  be d e t e c t e d "  ( 98)  i n t h i s  s p e c i e s .  
S e l e n o c y s t o t h i o n i n e  was i s o l a t e d  v i a  e l e c t r o p h o r e s i s  and 
i o n - e x c h a n g e  c h r o ma t o g r a p h y  i n s e v e r a l  o t h e r  o b l i g a t e  
s p e c i e s ,  A s t . p e c t i n a t u s  and S t a n l e y a  p i nna t a . M e t h y l a t e d  
s e l e n o c y s t e i n e  was i d e n t i f i e d  i n Odnops i s  condensa t a , bu t  
no t  i n  IN. amp 1 e x i c a u l  i s  , i m p l y i n g  t h a t  d i f f e r e n c e s  w i t h i n  
t he a c c u mu l a t o r  c a t e g o r y  do e x i s t .  The above a u t h o r s  
s ugges t ed  t h a t  e i t h e r  an i n t r a c e l l u l a r  l o c a l i z a t i o n ,  
( " p o o l i n g " )  away f r om t he s i t e s  o f  p r o t e i n  s y n t h e s i s  or  
a d i f f e r e n t i a l  a m i n o - a c i d  a c t i v a t i n g  s p e c i f i c i t y  was 
o c c u r r i n g .  " A l t e r n a t i v e l y  t hese  s e l e n o - a mi n o  a c i d s  may 
no t  be s y n t h e s i z e d .  In jN. ampl  e x i c a u l  i s  t he  a c c u m u l a t i o n  
o f  s e l e n o - c y s t a t h i o n i ne sug g e s t s  an e n z y ma t i c  d i s c r i m i n a ­
t i o n  a g a i n s t  s e l e n i u m ana l ogues  i n t he  i n t r a c o n v e r s i o n  o f  
c y s t e i n e  and m e t h i o n i n e "  ( 9 9 ) .  N o n - a c c u mu l a t o r  s p e c i e s  
appear  t o  l a c k  t h i s  d e t o x i f i c a t i o n  mechani sm,  hence t hey  
i n c o r p o r a t e  t he s e l e n o a mi n o  a c i d s  i n t o  t h e i r  p r o t e i n s ,  
wh i ch  may a l t e r  or  i n a c t i v a t e  t h e i r  b i o l o g i c a l  f u n c t i o n ( s ) .
A s t r a g a l u s  i s  one o f  t he " 1 ocoweed" genera w i t h i n  
t he  Legumi nosae ,  w i t h  a l mo s t  2 dozen s p e c i e s  o c c u p y i n g  
d i v e r s e  é c o l o g i e  h a b i t a t s  w i t h i n  t he  s t u d y  area ( 1 0 0 ) .  
R e l i a b l e  s e l e n i u m - i n d i c a t o r  s p e c i e s  ar e f ound i n a number  
o f  s u b g e n e r a ,  as d e f i n e d  by Beath ^ t  ^ . ( C . 3 ) ,  s u g g e s t i n g
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t h a t  a r e a r r a n g e me n t  based on p h y s i o l o g i c  gr ounds may be 
i n o r d e r .  E a r l y  c r i t e r i a  f o r  d e t e r m i n i n g  t he  s e l e n i u m-  
s t a t u s  o f  a g i v e n  s p e c i e s  was based upon t he degr ee o f  
i n h i b i t i o n  o f  h y p o c o t y l  and r o o t  g r owt h  by 20 ppm s e l e n i t e  
i o n .  Th i s  t e s t  was used because o f  i t s  c o nv en i enc e  r a t h e r  
t han s e n s i t i v i t y ,  s i n c e  t h e r e  i s  such a wi de v a r i a t i o n  i n 
r esponse  t o  t h i s  e l e me n t ;  A. b i s u l c a t u s  can t o l e r a t e  
t housands  o f  ppm o f  s e l e n i t e  i on whereas A. drummondi  i s  
i n j u r e d  by l e s s  t han 0 . 5  ppm s e l e n i t e .  The p r esence  or  
absence o f  two p a r t i c u l a r  s e l enoami no  a c i d s  i s  a more 
a c c u r a t e  d e t e r m i n a t i o n  o f  s e l e n i u r n - s t a t u s ,  i . e .  a c c u mu l a ­
t o r s  c o n t a i n  h i gh  amount s o f  m e t h y l a t e d  s e l e n o c y s t e i n e  
and l ow ( i f  any)  m e t h y l - s e l e n o  m e t h i o n i n e  w h i l e  t he r e v e r s e  
i s  t r u e  f o r  n o n a c c u mu l a t o r s  ( 1 0 1 ) .  The r o l e  o f  s e l e n o -  
m e t h y l - s e l e n o  m e t h i o n i n e  i s  obscur e  - no known f u n c t i o n  
f o r  t he s u l f u r  ana l og  i n  h i g h e r  p l a n t s  e x i s t s .  " B u t ,  i t  
may be s u g g e s t e d ,  s i n c e  t h i s  compound c o n s t i t u t e s  such a 
l a r g e  p r o p o r t i o n  o f  t he  s e l e n i u m p r e s e n t  i n  a c c u m u l a t o r s ,  
t h a t  m é t h y l a t i o n  o f  s e l e n o c y s t e i n e  r e p r e s e n t s  a d e t o x i f i ­
c a t i o n  mechani sm wher eby  excess s e l e n o c y s t e i n e  i s  p r e v e n t e d  
f r om be i ng  i n c o r p o r a t e d  i n t o  p r o t e i n s "  ( 1 0 2 ) .
A number  o f  sec o n d a r y  a c c u mu l a t o r s  e x i s t  i n t he we s t e r n  
Un i t e d  S t a t e s  ( 1 0 3 ) .  However ,  o n l y  a smal l  number  e x i s t  i n 
t he s t u d y  a r e a ,  as e x p r es s ed  i n t a b u l a r  f o r m bel ow ( 1 0 4 ) .
TABLE 3
SECONDARY SELENlUM-ACCUMULATORS PRESUMED TO BE LOCATED IN THE STUDY AREA
Fa mi l y  
C r u c i f e r a e  
Compos i t ae  
Compos i t ae  
Composi  t ae 
Compos i t ae  
Compos i t ae  
Chenopod i aceae 
Chenopod i aceae
Genus ( e r a  )
S t a n l e y a  v i  r i d i f l o r a  
Hap l opappus  n u t a l l i i  
G r i n d e l i  a s q u a r r o s a  
A r t e m i s i a  t r i d e n t a t a  
Chr ysot hamnus  nauseosus 
Chr ys .  v i s c i d i f l o r u s  
A t r i  pi  ex canescens  
A. n u t a l l i i
Common Name 
Green P r i n c e ' s  pl ume 
N u t a l l  Gol denweek 
Cur l  cup Gumweek 
Bi g Sagebr ush 
Rubber  R a b b i t b r u s h  
Green R a b b i t b r u s h  
F o u r - w i n g  S a l t b r u s h  
N u t a l 1 S a l t b u s h
H a b i t a t
Dr y ,  g r a v e l l y  h i l l s
Dry p r a i r i e ,  h i l l s
M o i s t  s o i l s
Dry h i l l s ,  p l a i n s
Gr a s s l an d
Dry h i l l s ,  p l a i n s
P l a i n s  and h i l l s
A l k a l i n e  p l a i n s ,  
h i l l s i d e s
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The s a mp l i n g  d e s i g n  a t t e mp t e d  t o o b t a i n  bot h p r i ma r y  and/  
o r  s e c o n d a r y  a c c u mu l a t o r s  when p r e s e n t ,  h o p e f u l l y  as a 
measure o f  maximum s e l e n i u m - i m p a c t / s i  t e  ( ana l ogous  t o 
f l u o r i d e  a c c u m u l a t i o n  by J u n i p e r u s  s p e c i e s )  as d i s c u s s e d  
i n Chap t e r  IV.
In t h e i r  s t u d y  o f  t he f o l i o s e  s o i l  l i c h e n  Par mel i  a 
c h i o r o c h r o a  a l ong  an e a s t e r l y  t r a n s e c t  near  t he  Dave 
Johns t on  p o w e r p l a n t ,  Wyoming,  L.  Gough and J.  Erdman 
obser ved  i n c r e a s i n g  amount s o f  f l u o r i n e  and s e l en i um 
( s i g n i f i c a n t l y  above backgr ound l e v e l s  f o r  t he  l a t t e r  
e l e me n t )  as t he  s a mp l i n g  appr oached t he e mi s s i o n  s ou r ce .  
The w e s t e r l y  ( u pwi nd )  t r a n s e c t  showed a s t r o n g  c o r r e l a t i o n  
between s e l e n i u m and d i s t a n c e  w h i l e  f l u o r i n e  showed no 
a p p a r e n t  t r e n d .  " However ,  t he  h i gh  v a l u e s  o b t a i n e d  c o r ­
r espond we l l  w i t h  t he h i gh  v a l u e s  obser ved  f o r  c l o s e - i n  
sampl es a l ong  t he  e a s t  t r a n s e c t "  ( 1 0 5 ) .  S i m i l a r  r e s u l t s  
f o r  s e l e n i u m were o b t a i n e d  w i t h  A r t e m i s i a  t r i d e n t a t a  i n 
t he a r e a ,  p r o b a b l y  g r ow i n g  on brown or  c h e s t n u t  s o i l  t ypes  
( 1 0 6 ) .  The r e g r e s s i o n  e q u a t i o n  (based on l e a s t  squar es  
c r i t e r i a  and e s t i m a t e  o f  t he  l og  v a r i a n c e  o f  t he t r e n d )  
was c a l c u l a t e d  t o  be l og  [ Se ]  = 0 . 0 4 - 0 . 4 5  l og  d i s t a n c e .
I t  i s  i n t e r e s t i n g  t o not e  t h a t  sagebr ush  d i d  not  show a 
f l u o r i n e  t r e n d ,  p r o b a b l y  r e f l e c t i n g  d i f f e r e n c e s  i n me t a ­
b o l i s m ,  g r owt h  f o r m,  h a b i t a t  and m i c r o e n v i r o n m e n t  o f  t he 
d i f f e r e n t  p l a n t  s p e c i e s .  Sagebr ush ash c o n t a i n e d  0 . 15 to 
1 . 6  ppm s e l e n i u m,  w i t h  a medi an c l o s e  to 0 . 4  ppm, as
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d e t e r m i n e d  by a n a l y s i s  o f  sampl es t h r o u g h o u t  t he Powder  
R i v e r  Bas i n  ( 1 0 7 ) .  These obser ved  v a l u e  mi gh t  i n c l u d e  
d u s t  c o n t a m i n a t i o n  as w e l l  as b i o l o g i c a l l y - b o u n d  s e l e n i u m.  
However ,  i t  i s  t e mp t i n g  t o  s p e c u l a t e  t h a t  t he c o a l - f i r e d  
e l e c t r i c a l  g e n e r a t i o n  f a c i l i t y ' s  zone o f  s e l e n i u m - i n f l ­
uence i s  an ar ea o f  1-2 km. r a d i u s .
A n a l y s i s  o f  I n d i a n  r i c e g r a s s  ( Dryzop s 1s hymenoi  d e s )
a t  7 samp l i n g  l o c a l i t i e s  ar ound t he Four  Cor ner s  P l a n t  
r e v e a l e d  d i s t a n c e - r e l a t e d  c o n c e n t r a t i o n  e f f e c t s  f o r  
s e l e n i u m and f l u o r i n e  b e f o r e  t he f a c i l i t y  was i n f u l l  
o p e r a t i o n ,  bu t  t he t r e n d s  were no t  as w e l l - d e v e l o p e d  as 
not ed a t  t he Dave J o hns t on  p l a n t .  They c o nc l uded  t h a t  
v e g e t a t i o n  has " g r e a t e r  p r omi se  t han s o i l  as an e l emen t  
m o n i t o r  bu t  t h a t  c o n s i d e r a b l y  more wor k  i s  r e q u i r e d  b e f o r e  
such m o n i t o r s  can be used w i t h  much c o n f i d e n c e "  ( 1 08 a ) .
O v e r a l l ,  i t  appear s  t h a t  t he s o i l s  f r om t he above
sampl e a r eas  ( o f  a n a t u r e  s i m i l a r  t o  t hos e  i n  t he He l ena-
East  Hel ena a r ea )  have absor bed  enough a t mo s p h e r i c  s e l e n i u m-  
f a l l o u t  t o r a i s e  t he  s e l e n i u m c o n t e n t  o f  c e r t a i n  f l o r a  
n ea r by  t he e mi s s i o n  s o u r c e .  The c o n t a m i n a t i o n  o f  l o c a l  
s o i l s  by d i s p o s e d  f l y  ash,  o r  by i t s  use as a l a n d f i l l  
m a t e r i a l  i s  a l s o  a p o t e n t i a l  sour ce  o f  e l e v a t i n g  p l a n t -  
s e l e n i u m l e v e l s  above b a c k g r o u n d ,  as obse r v ed  i n M e l i l o t u s  
spp.  and Bras s i c a  o 1er acea i n New York S t a t e  ( 1 09 ) .  Thus,  
i n t he  i n t e r p r e t a t i o n  o f  r e s u l t s  f r om t he East  Hel ena s t u d y  
a r e a ,  one must  be aware o f  t he d i v e r g e n c e  o f  human- i nduced
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sou r c es  o f  t h i s  e l e me n t ,  and no t  t o be t oo q u i c k  t o ac c ep t  
any one o f  them as t he  s o l e  ( o r  even ma j o r )  f a c t o r .  Th i s  
i s  i m p l i e d  by t he  f a c t  t h a t  more s e l e n i u m i s  pr oduced i n 
t he t a i l  s l a g / mo n t h  t han i s  e m i t t e d  f r om t he s t a c k .  The 
f u g i t i v e  d u s t s  a r i s i n g  f r om t he s t o r e d  or e and coal  p i l e s  
s l i g h t l y  wes t  o f  t he  s t ack - dump area mi g h t  c o n t r i b u t e  t o 
t he  obse r ved  r e s u l t s  o b t a i n e d  f r om t he a n a l y s i s  o f  unwashed 
p l a n t  m a t e r i a l s  as we l l  as t o t he  0-5 cm. f r a c t i o n  o f  t he 
l o c a l  s o i l s  ( e . g .  s i t e  # 2 ) .  The e x t e n t  o f  such c o n t a m i n a ­
t i o n  w i l l  not  be c o n s i d e r e d  i n t h i s  s t u d y ' s  d es i gn  but  w i l l  
be b r i e f l y  t ouched  upon i n Chap t e r  VI .
Comments on B i o l o g i c a l  A c t i v i t y  and P u b l i c  He a l t h  Concerns
A l t h o u g h  t h e r e  i s  no r e c o r d e d  case o f  human or  an i mal  
c a n c e r  a t t r i b u t a b l e  t o  e n v i r o n m e n t a l  s e l e n i u m,  t he  e l ement  
i s  t he most  t o x i c  o f  t h o s e  known t o be e s s e n t i a l  f o r  
mammals.  In mammals,  excess s e l e n i u m i s  t e r a t o g e n i c ,  
h e p a t o t o x i c  and n e u r o t o x i c ,  r e t a r d i n g  g r owt h  and c a u s i n g  
mu s c u l a r  weakness ( 1 1 0 ) .  The v a r i o u s  s e l e n i u m r e l a t i o n ­
s h i p s  f o r  a number  o f  mammals i s  summar i zed on t he  nex t  
page.
I t  s hou l d  be not ed t h a t  t he  f o l l o w i n g  c o n c e n t r a t i o n s  
ar e a f u n c t i o n  o f  a number  o f  v a r i a b l e s ,  i n c l u d i n g  t he 
t y pe  o f  d i e t  consumed,  t he  amount s and f r e q u e n c y  o f  doses ,  
t he  c hemi c a l  f o r m ( o r g a n i c  vs.  i n o r g a n i c ) ,  t he  e f f i c i e n c y  
o f  e l i m i n a t i o n ,  and d i e t a r y  p r o t e i n  l e v e l .  S c h r o e d e r ' s
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TABLE 4
SELENIUM RELATIONSHIPS IN SELECTED MAMMALS (EXPRESSED 
IN PPM OF RATION EXCEPT FOR THE HUMAN DATA)
Requi  r ement T o l e r a n c e
Mamma 1 Level Level Tox i c  Level
Cow( a ) 0. 1 2 . 0 8 . 0
Horse (a ? 2 . 0 10. 0
Human( b 0. 003 1 30.  0 130. 0
Ra t ( a ) 0. 08 4 . 0 10. 0
Sheep (a 0. 1 4 . 0 10. 0
Source
Adver se
6 : 4 5 9 ;
( a ) :  Buck,  W. B. ,  Evan,  R. C. ,  " T o x i c o l o g y  and 
E f f e c t s  o f  M i n e r a l  I mb a l a n c e " ,  C l i n i c a l  T o x i c o l o g y  
t aken  f r om Tab l e  4,  p. 21,  ( 1973 ) .
Source (b)  : S c h r o e d e r , H.A. The Tr ace El ement s  and Man;
t aken f r om Tab l e  5 - 3 ,  p. 52,  Dev i n - A d a i r  Co. ,  Old Gr een­
w i c h ,  Conn . ,  ( 1 97 3 ) .
l e v e l  o f  t o x i c i t y  i n  man i s  f o r  d r a s t i c  i n t e r f e r e n c e s  
w i t h  t i s s u e  me t a b o l i s m,  no t  me r e l y  i r r i t a t i o n  o f  t he g a s t r o ­
i n t e s t i n a l  t r a c t .  A l t h o u g h  man can a p p a r e n t l y  e l i m i n a t e  
up t o 10~ gram o f  t he e l e m e n t / d a y ,  t he  h o me o s t a t i c  
mechani sm f o r  such i s  u n c e r t a i n  ( see Tab l e  5-2 i n  sour ce  
( b ) f o r  d e t a i l s ) .
Se l en i um i n  p y r i t i c  s i l v e r  mi ne s l i me s  near  Park C i t y ,  
Utah have a c c u mu l a t e d  t o l e v e l s  a v e r a g i n g  25 ppm i n  S i l v e r  
Creek be l ow t he  o p e r a t i o n s  ( 1 1 1 ) ;  t h i s  ar ea was no t  as 
i mpac t ed  as o b s e r v ed  i n  s i m i l a r  s i t u a t i o n s  i n bot h Mexi co 
and Owyhee Coun t y ,  I daho ( 1 1 2 ) .  I t  s hou l d  be not ed t h a t  
t he  1962 U.S.  P u b l i c  He a l t h  S e r v i c e  d r i n k i n g  w a t e r  s t a n d a r d s
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recommended a maximum o f  0.01 mg/1 o f  se l e n i u m a l t h o u g h  
e a r l i e r  s t u d i e s  by t h i s  d e p a r t me n t  urged t h a t  such l e v e l s  
never  be exceeded ( 1 1 3 ) .
Se l en i um does ,  however ,  have a number  o f  known or  
pr oposed b e n e f i c i a l  f u n c t i o n s ,  i n c l u d i n g :  (a)  as an a n t i ­
o x i d a n t  p r e v e n t i n g  c e l l u l a r  damage due t o l i p i d  p e r o x i d a ­
t i o n  ( 1 1 4 ) ,  e i t h e r  as d i r e c t  i n h i b i t o r s  o f  such r e a c t i o n s  
or  by c a t a l y z i n g  t he  p r o d u c t i o n  r a t e s  o f  p r o t e c t o r  s u l f -  
h y d r y l  compounds.  J . T .  Ro t r u c k  obser ved  t h a t  e r y t h r o c y t e  
g l u t a t h i o n e  p e r o x i d a s e  c o n t a i n e d  f o u r - g r a m  atoms o f  
s e l e n i u m per  mol e o f  enzyme;  u n f o r t u n a t e l y , t he  amount  o f  
i s o l a t e d  enzyme was t oo smal l  t o f a c i l i t a t e  t he  d e t e r m i n ­
a t i o n  o f  t he  e l e m e n t - m o l e c u l a r  mo i e t y  ( 1 1 5 ) ,  ( b)  as a 
c o f a c t o r  i n  t he f o r ma t e  dehydr ogenase  syst em i n E. c o l i  
( 116)  and s e v e r a l  C l o s t r i d i u m  s p e c i e s .  The l a t t e r  genus 
c o n t a i n e d  a p r o t e i n  A wh i ch  possessed c o v a l e n t l y - b o u n d  
s e l e n i u m i n  i t s  g l y c i n e  r e d u c t a s e  sys t em ( 1 1 7 ) ,  ( c )  as 
a heavy met a l  o r  m e t a l l o i d  d e t o x i c a n t .  R.W. Chen has 
e x t r a c t e d  a p r o t e i n - s u l f u r - s e l e n i d e - m e t a l  (Cd or  Hg) 
compl ex  i n  i j i  v i v o  r a t  p r o t e i n  ( 1 1 8 ) .  Near  s t o i c h i o m e t r i c  
r e l a t i o n s h i p s  bet ween mer c u r y  and s e l e n i u m have a l s o  been 
obse r ved  i n  mar i ne  mammals ( 119)  and humans f o l l o w i n g  
expos u r e  t o  i n o r g a n i c  mer c u r y  ( 1 2 0 ) .  An i n t e r e s t i n g  
d i s c u s s i o n  o f  a r s e n i c - s e l e n i u m  a n t a g on i s m i n  do me s t i c  
a n i ma l s  may be f ound  i n  E . J .  Underwood ( 1 2 1 ) .
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I n c o n c l u s i v e  comments on t he s e l e n i u m c a r c i n o g e n -  
a n t i  c a r c i n o g e n  deba t e  can be f ound i n S c o t t  ( 122a)  and 
S h a m b e r g e r - W i l l s  ( 1 2 3 ) ,  w h i l e  s t u d i e s  i m p l y i n g  t h a t  
i n c r e a s e d  i n t a k e  o f  t h i s  e l emen t  d u r i n g  e a r l y  t o o t h  
d e v e l o p me n t  can i n c r e a s e  t he r a t e  o f  t h e i r  decay i s  
d i s c u s s e d  i n D.H.  Ha d j i ma r k o s  ( 1 2 4 ) .
CHAPTER I I I  
A BIOGEOGRAPHICAL SKETCH OF THE STUDY AREA
Geo 1ogy
The Hel ena V a l l e y  i s  one o f  t he  many i n t e r m o u n t a i n  
v a l l e y s  l o c a t e d  i n  t he  Sou t hwes t  Montane p h y s i o g r a p h i c  
s u b d i v i s i o n  o f  Mont ana.  Bounded t o  t he n o r t h  and eas t  
by t he  Bi g B e l t  Mo u n t a i n s ,  composed l a r g e l y  o f  Pr ecambr i an  
Era s e d i me n t a r y  s t r a t e  o f  t he B e l t  Se r i e s  and by t he main 
c ha i n  o f  t he  C o n t i n e n t a l  D i v i d e  ( c o n s i s t i n g  o f  T e r t i a r y  
Pe r i o d  v o l c a n i c  and g r a n i t i c  r o c k s ,  and i n c l u d i n g  t he 
Bo u l d e r  B a t h o l i t h  o f  Eocene t i me )  on t he west  and s o u t h ,  
t he V a l l e y  measur es 25 m i l e s  i n  w i d t h ,  (N-S)  and 35 m i l e s  
i n l e n g t h .  The v a l l e y  f l o o r  (3700 f t . ,  ms l .  a p p r o x i m a t e l y  
3000 f e e t  bel ow t he  s u r r o u n d i n g  peaks)  s l opes  g e n t l y  t o 
t he  n o r t h  and n o r t h e a s t  t o  Lake Hel ena ( a p p r o x i m a t e l y  
3650 f t . ,  ms l )  abou t  10 m i l e s  n o r t h e a s t  o f  East  Hel ena.
The b as i n  c o n s i s t s  o f  T e r t i a r y  f i l l ,  p r e d o m i n a n t l y  s i l t  
and c l a y ,  but  i n c l u d e s  abundan t  r ock  f r a g me n t s  ( f r om 
coa r s e  sand t o  b o u l d e r s )  o f  m o d e r a t e l y  c a l c a r e o u s  c o u n t r y  
r ock  o r i g i n a t i n g  f r om t he moun t a i n s  t o  t he e a s t .  Th i s  
p a r e n t  m a t e r i a l  does no t  c o n t a i n  unusua l  amounts o f  l e a d ,  
z i n c ,  cadmi um o r  a r s e n i c  ( 1 2 5 ) .  Four  mappabl e u n i t s  o f  
l a c u s t r i n e  s e d i me n t s ,  composed i n who l e  or  i n p a r t  o f
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v o l c a n i c  d e b r i s ,  e x i s t  i n  t he  s t u d y  area ( 1 2 6 ) ;  t hese 
l a k e  beds were f or med when wa t e r  ac c umu l a t ed  beh i nd t he 
mo un t a i n  u p l i f t s  d u r i n g  O l i g o c e n e  t i m e ,  b e f o r e  t he 
M i s s o u r i  R i v e r  c u t  i t s  p r e s e n t  channel  t h r o u g h  them.
The t u f f a c e o u s  m a t e r i a l s ,  mo s t l y  Mi ocene p y r o c l a s t i c s  , 
e . g . ,  r h y o l i t e ,  show no d e t e c t a b l e  l ead or  a r s e n i c ,  and 
o n l y  l ow t o  moder a t e  amount s o f  z i n c  and cadmi um.  S o i l s  
d e r i v e d  f r om such p a r e n t  m a t e r i a l  can s u p p o r t  smal l  and 
a p p a r e n t l y  w i d e l y - d i s p e r s e d  p o p u l a t i o n s  o f  s e l e n i u m-  
a c c u m u l a t i n g  f l o r a  as w i l l  be d i s c u s s e d  be l ow.
He l ena ,  t he  s t a t e  c a p i t a l ,  i s  l o c a t e d  a t  t he  s o u t h e r n  
end o f  t he  v a l l e y  and has an aver age  e l e v a t i o n  o f  4100 f t . ,  
a l t h o u g h  i t  v a r i e s  f r om 3800 f t .  a t  t he n o r t h e r n  l i m i t  t o 
4300 f t .  on t he s o u t h e r n  edge.  The c i t y  r e s t s  upon c o l -  
l u v i a l  m a t e r i a l  o f  s e d i me n t a r y  t o  met amor ph i c  n a t u r e ,  e . g . ,  
P r ec ambr i an  a r g i l l i t e s ,  s h a l e s  and l i m e s t o n e s ,  and Q u a t e r ­
nar y  a l l u v i a l  s i l t  and g r a v e l  f r om P r i c k l y  Pear  Creek.
East  Hel ena i s  l o c a t e d  a p p r o x i m a t e l y  4 m i l e s  t o  t he 
e a s t  o f  Hel ena and has an aver age e l e v a t i o n  o f  3900 f e e t .  
The e l e v a t i o n  o f  t he  s m e l t e r  compl ex  l i e s  between 30 and 
50 f e e t  above t h a t  obs e r v ed  a t  t he  t o w n ' s  c e n t e r .  The 
t o w n s i t e  r e s t s  upon r e c e n t  age a l l u v i a l  f l a t s  near  t he 
p o i n t  where P r i c k l y  Pear  Creek emerges f r om i t s  canyon 
sou t h  o f  t own.  (The canyon i s  l a r g e l y  composed o f  T e r t i a r y  
age e x t r u s i v e s ,  a n d é s i t e  f l o w s  or  g r a n i t e - l i k e  p i u t o n i c  s . )  
Th i s  c r e e k ,  b o r d e r e d  by l ow,  s t r o n g  bench l ands  i n  t he East
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Hel ena v i c i n i t y ,  has f ormed t he  g r e a t  f l o o d  p l a i n  o v e r l y i n g  
t he o l d e r ,  l o e s s - l i k e  l a k e  sed i men t s  t o t he n o r t h  o f  
He l ena.  These sed i men t s  p r o v i d e  a r e c h a r g e  zone t o t he 
wes t  o f  Canyon F e r r y  R e s e r v o i r  and a l ong  t he M i s s o u r i  
R i v e r  w a t e r c o u r s e  t o t he  s o u t h e r n  end o f  t he l a k e .  Many 
o f  t he  s t r eams i n t he ar ea s i n k  i n t o  t he  sand and g r a v e l s  
a t  t h e i r  canyon mout hs ,  s u p p l y i n g  g r o u n d wa t e r  r e c h a r g e ,  
and t hus  t h e i r  beds ar e o f t e n  d r y  i n  l a t e  summer and f a l l .  
T a b l e l a n d s  l y i n g  100 o r  more f e e t  above t he l e v e l  o f  t he 
l a r g e r  s t r e a ms ,  e . g . ,  Spokane Cr eek ,  P r i c k l y  Pear  Cr eek ,  
e x i s t  i n  t he s o u t h e a s t e r n  p o r t i o n  o f  t he b a s i n .  Formed 
l a r g e l y  by t he d i s s e c t i o n  o f  t he  Bozeman l ak e  bed s e d i ­
ment s ,  t h e y  ex t end  t o  4100 f e e t  i n e l e v a t i o n ,  have smooth 
s u r f a c e s ,  g e n t l e  s l o p e s  and ar e o f t e n  cover ed  by g r a v e l l y  
out was h .
C l i m a t e - We a t h e r  
As d e t e r m i n e d  f r om East  Hel ena wea t h e r  s t a t i o n  o b s e r ­
v a t i o n s  (3900 f t . ) ,  t he ar ea possesses  a c o n t i n e n t a l  
c l i m a t e  m o d i f i e d  by i t s  i n t e r m o u n t a i n  l o c a t i o n .  Sout hwes t  
t o n o r t h w e s t  c y c l o n i c  s t o r ms  o c c u r  d u r i n g  t he  f a l l  and 
e a r l y  w i n t e r  mont hs ,  bu t  b r i n g  l i t t l e  p r e c i p i t a t i o n .
M o i s t ,  u n s t a b l e  n o r t h e r n  P a c i f i c  a i r  masses b r i n g  t he b u l k  
o f  annual  m o i s t u r e ,  l a r g e l y  i n l a t e  w i n t e r  and t h r o u g h  t he 
s p r i n g  mont hs ,  but  some i s  p r o v i d e d  t h r o u g h  c o n v e c t i v e  
r a i n  and h a i l  i n  l a t e  June t h r o u g h  Sept ember .  T o t a l  annual
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p r e c i p i t a t i o n  r anges  f r om 9 t o  10 i nc hes  t h r o u g h o u t  t he 
v a l l e y ,  e . g . ,  1 0 . 85 "  a t  t he  Hel ena A i r p o r t  ( 1941- 1970 
d a t a )  and 9 . 9 "  a t  East  Hel ena ( 1931- 1952 d a t a ) ;  subhum i d 
c l i m a t e s  a l o n g  t he C o n t i n e n t a l  D i v i d e  r e c e i v e  a p p r o x i m a t e l y  
30 i n c h e s / y e a r  ( 1 2 7 ) .  East  He l e n a ' s  annual  aver age t em­
p e r a t u r e  i s  4 3 . 7 ° F ,  r a n g i n g  f r om a d i u r n a l  h i gh o f  8 5 . 5 ° F 
i n J u l y  t o a d i u r n a l  J anuar y  h i gh  o f  2 8 . 4 ° F .  He l e n a ' s  
annual  t e m p e r a t u r e  ( 1931- 1960  d a t a )  was a s l i g h t l y  c o o l e r  
4 3 . 4 ° F ( 128)  .
Due t o  t he  a l t i t u d e  and t o p o g r a p h y  o f  t he ar ea ( e . g . ,  
cal m t o  l ow wi nd speeds ,  e s p e c i a l l y  on c l o u d l e s s  w i n t e r  
n i g h t s  w i t h  a r c t i c  a i r  masses t r a p p e d  i n  t he bas i n  f o r  
s e v e r a l  days t o  a week ) ,  t he  V a l l e y  p r oduces  s t r o n g  t em­
p e r a t u r e  i n v e r s i o n s .  Temper a t u r e  d i f f e r e n t i a l s  o f  up t o 
19. 4°C f r om gr ound l e v e l  t o  m i x i n g  h e i g h t  have been 
r e c o r d e d  45-47% o f  t he  t i me  d u r i n g  t he f a l l  and w i n t e r  
mont hs .  Weak s p r i n g  and summer i n v e r s i o n s  ( 2 - 3° C d i f f e r ­
e n t i a l )  o c c u r  32% o f  t he t i me ,  l a r g e l y  due t o t he h i gh 
f r e q u e n c y  o f  c l e a r  n i g h t s .  Th i s  i s  not  t o s ugges t  t h a t  
a i r  p o l l u t i o n  e p i s o d e s  ( d e f i n e d  as p e r i o d s  l a s t i n g  2  o r  
more days ,  w i t h  m i x i n g  dep t h  o f  t he  i n v e r s i o n  l e s s  t han 
4921 f t .  and wi nd l e s s  t han 8 . 9  m . p . h . )  ar e a sever e  
t h r e a t .  The V a l l e y  s u f f e r s  a p p r o x i m a t e l y  5 such days i n 
a 5  y e a r  p e r i o d ,  o n l y  a f r a c t i o n  compared t o t h a t  obse r ved  
i n s i m i l a r  t o p o g r a p h i c  s i t u a t i o n s ,  l i k e  S a l t  Lake C i t y ,
Utah or  M i s s o u l a ,  Mont ana.
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V é g é t â t i o n - S o i l s
In mont ane r e g i o n s ,  v e g e t a t i o n  and s o i l s  change 
a b r u p t l y  o v e r  s h o r t  d i s t a n c e s  and smal l  ar eas  due t o 
v a r i a t i o n s  i n  t o p o g r a p h y ,  p a r e n t  m a t e r i a l  and c l i m a t e .  
I n s p e c t i o n  o f  A.W. K u c h l e r ' s  map ( 129)  o f  t he p o t e n t i a l  
v e g e t a t i o n  o f  t he  ar ea r e v e a l e d  t he pr esence  o f  a f o o t ­
h i l l s  p r a i r i e  t o  semi  a r i d  s h o r t g r a s s  s t eppe a t  sampl e 
s i t e  numbers 1-12 and 14.  The c o mmun i t i es  ar e domi na t ed  
by t he Grami neae gener a Agr opy r on  , F e s t u c a , and S t i  p a .
S i t e  number  13,  MacDonal d Pass,  was c l a s s e d  as a Pi cea 
e n g e l ma n n i - Ab i es  l a s i o c a r p a  f o r e s t .  Hel ena can be c o n ­
s i d e r e d  a b l ue  bunch w h e a t g r a s s - s a n d b u r g  b l u e g r a s s  p r a i r i e  
ser e w h i l e  a s l i g h t l y  d r i e r  b l uebunch  w h e a t g r a s s - b l u e  
grama g r ass  p r a i r i e  ser e  e x i s t s  i n East  He l ena.  F l o od -  
p l a i n  c o mmu n i t i e s  i n c l u d e  w i l l o w - r o s e  s h r u b ,  b l a c k  c o t t o n -  
wo o d - r o s e ,  and b l a c k  c o t t o n w o o d - p o n d e r o sa p i ne  ser es  ( 1 30 ) .  
The f l o o d p l a i n  s i l t  l oams i n t he  Townsend area s u p p o r t  
dense g r oves  o f  c o t t o n wo o d s  as w e l l  as r o s e - w i 1 1 ow t h i c k e t s  
a l o n g s i d e  t he  ma j o r  s t r eams  wh e r e v e r  t he s o i l  s o l u b l e  s a l t  
c o n t e n t  i s  l ow.  H i g h e r  t e r r a c e s ,  as f ound a t  s i t e  14,  
s u p p o r t  co l  l u  v i a l  s l o p e s  w i t h  a l i g h t  c o v e r  o f  grama g r a s s ,  
usual  1 y Bout e  1ona g r a c i l i s , and b l uebunc h  whea t g r as s  
( Ag r o p y r o n  s p i c a t u m ) ; t he  w e l l - d r a i n e d ,  c o b b l y  s o i l s  
s u p p o r t  a s par se  c o v e r  o f  s h o r t g r a s s  s t eppe ( 131 ) .
Because o f  t h e i r  l o c a t i o n  a t  t he é c o l o g i e  i n t e r f a c e  
bet ween t he  moun t a i n  and f o o t h i 1 1 s - p r a i r i e  e n v i r o n me n t s ,
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t he  s o i l  c l a s s i f i c a t i o n  scheme v a r i e s ,  depend i ng  upon 
t he g i v e n  map' s  s c a l e .  I f  t he  t e r m i n o l o g y  o f  t he 1967 
N a t i o n a l  C o o p e r a t i v e  So i l  Sur vey  C l a s s i f i c a t i o n  i s  used 
( s c a l e  = 1 : 7 , 5 0 0 , 0 0 0 ) ,  s i t e s  1-12 and 14 be l ong  t o t he 
Or der  M o l l i  s o l ,  s u b o r d e r  B o r o l l .  Th i s  s u b o r d e r  i n c l u d e s  
t he g r e a t  g r oups  A g r i b o r o l l  and H a p l o b o r o l l ,  be i ng  d i s ­
t i n g u i s h e d  by t he  p r esence  o r  absence o f  a c l a y  a c c u mu l a ­
t i o n  i n  t he  s u b s o i l  p o r t i o n s  o f  t h e i r  p r o f i l e s ,  r e s p e c ­
t i v e l y .  S i t e  13 has been d e s i g n a t e d  Order  A l f i s o l ,  s u b ­
o r d e r  B o r a l f ,  g r e a t  gr oup C y r o b o r a l f  o r  C r y o r t h o d  ( 1 32 ) .
A more d e t a i l e d  map ( s c a l e  = 1 : 2 , 5 3 4 , 0 0 0 )  o f  t he wes t e r n  
U.S.  i m p l i e d  t h a t  s i t e s  1-12 and 14 have c h e s t n u t  s o i l s ,  
w i t h  some l i t h o s o l s  and a l l u v i a l  i n c l u s i o n s ;  such s o i l  
t y pes  ar e  i n d i c a t i v e  o f  t he  d a r k ,  m o d e r a t e l y  c a l c a r e o u s  
s o i l s  o f  t he  s e m i - a r i d  r e g i o n s  o f  t h i s  c o u n t r y .  Th i s  
scheme has marked s i t e  13 as e i t h e r  brown p o d z o l i c ,  or  
g r ay  wooded,  bo t h  be i ng  f ound i n  c o o l ,  subhumi d b i o c l i m a t e s
( 1 3 3 ) .  A map s p e c i f i c  t o Montana ( s c a l e  = 1 : 2 , 5 0 0 , 0 0 0 )  
d e s i g n a t e s  s i t e s  1-12 and 14 as a l l u v i a l  s o i l s  o f  t he 
A v a l a n c h e - B u r n t  For k  A s s o c i a t i o n  ( c a l c i s o l i c  t o c h e s t n u t  
i n  n a t u r e )  w h i l e  s i t e  13 i s  a p p a r e n t l y  domi na t ed  by s o i l s  
o f  t he  G a r l e t t - T r a p p e r  A s s o c i a t i o n  ( g r ay - wooded  i n n a t u r e )
( 1 3 4 ) .  In an a t t e m p t  t o  d e t e r m i n e  t he  s o i l  s e r i e s  (and a 
guess a t  s o i l  t y p e )  two i n d e p e n d e n t  maps were used:  an 
o l d e r  c o u n t y  s u r v e y  by L . F .  G i e s e k e r ,  s c a l e  o f  1 : 1 , 2 5 3 , 4 0 0
( 135)  and a more r e c e n t  US DA, S o i l  C o n s e r v a t i o n  S e r v i c e
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iTiâp, sca l G - 1:1 26 , 720 ( 1 36 ) .  These were t he two sour ces  
l a r g e l y  r e f e r r e d  t o  i n c o m p i l a t i o n  o f  t he b i o p h y s i c a l  
s i t e  d e s c r i p t i o n s  f ound i n  Append i x  I .
I n d i g e n o us Se l en i um i n t he Hel ena V a l l e y  
I n s p e c t i o n  o f  J.  Kubota ejt ' s pi  a n t - s e l e n i u m  
a v a i l a b i l i t y  map o f  t he  Un i t e d  S t a t e s  ( 137)  r e v e a l s  t h a t  
t he  s t udy  ar ea i s  " v a r i a b l e " ,  i . e .  a p p r o x i m a t e l y  50% o f  
a l l  p l a n t s  sampl ed c o n t a i n e d  a t  l e a s t  0 . 1  ppm se l e n i u m 
as shown be l ow ( 1 38 ) :
TABLE 5
"VARIABLE"  VS. "ADEQUATE" PLANT SELENIUM CONTENT
Medi an <0.01 0 . 0 6 -  0 . 1 1 -  0 . 5 1 -  1 . 0 1 -  >5. 0
C o n c e n t r a t i o n  - 0 . 0 5  0.1 0 0.51 1 . 00 5 . 00 (ppm)
261 0 . 0 9  20% 31% 43% 4% 2% 0%
205 0 . 2 6  3% 10% 60% 18% 9% 0%
The t op  l i n e  i s  t y p i c a l  o f  a " v a r i a b l e "  r e g i o n ,  not  e x c l u d i n g  
sampl es f r om o u t s i d e  t he  s t u d y  a r e a ;  t he bo t t om l i n e  r e p r e ­
sen t s  t he  r e s u l t s  o b s e r v ed  f o r  a s e l e n i u m " a d e q u a t e "  p l a n t  
p o p u l a t i o n  (where 80% o f  t he  sampl es had a t  l e a s t  0 . 1  ppm) 
g i v en  f o r  c o mp a r i s o n .  S o i l s  ha v i n g  p a r e n t  m a t e r i a l  composed 
o f  g r a n i t i c  a n d / o r  v e r y  o l d  me t amor ph i c  r oc k s  can s u p p o r t  
f l o r a  c o n t a i n i n g  l e s s  t han 0 . 1 0  ppm, r a i s i n g  t he p o t e n t i a l  
o f  Whi t e  Musc l e  D i s e a s e .  Th i s  d e f i c i e n c y  syndrome i s  
common wes t  o f  t he  C o n t i n e n t a l  D i v i d e  due t o  v o l c a n i c
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p a r e n t  m a t e r i a l ,  l ow s o i l  pH a n d / o r  h i gh  i r o n  s e s q u i o x i d e  
c o n t e n t ;  i t  i s  obse r ved  a l o n g  t he  Wa s h i n g t o n - n o r t h e r n  
C a l i f o r n i a  c o a s t  and i n  Mon t ana ' s  B i t t e r r o o t  V a l l e y .
K. T . W i l l i a m s  e_t ^ i n  t h e i r  s t u d y  o f  s o i l s  i n  t he 
we s t e r n  U . S . ,  men t i on  t h a t  f o r  Lewi s and C l a r k  Count y  
"sympt oms o f  s e l e n i u m p o i s o n i n g  was [ s i c ]  r e c e i v e d  i n 
t h i s  d i s t r i c t .  The ar ea p r o d u c i n g  t o x i c  v e g e t a t i o n  i s  
b e l i e v e d  t o  be smal l  f r om f i e l d  o b s e r v a t i o n s  o f  f l o r a  
and g e o l o g y "  ( 1 3 9 ) .  They do,  however ,  l i s t  s e v e r a l  a r e a ' s  
where s e l e n i f e r o u s  s o i l s  a n d / o r  f l o r a  have been obser ved  
as g i v e n  be l ow.
Tab l e  6 - - S e l e n i f e r o u s  S o i l  a n d / o r  F l o r a  i n Lewi s and 
C l a r k  Count y  (and s u r r o u n d i n g  a r ea )
L o c a t i o n
T a b ! e l a n d s  near  
Wo l f  C r . ,  30 mi 
N. o f  Hel ena on 
U.S.  91 ; 2 mi .
N . o f  C r .
Dear bor ne  R i v e r  
d r a i n a g e ,  45 mi 
N. o f  H e l e n a , 
U.S.  91.
S. E. %,  H. E. %,  
Sec.  10,  T18N,  
R5W, F l a t  Cr .  
D r a i n a g e .
Bonner  Memor i a l  
Campground,  E. 
shor e  o f  Canyon 
F e r r y  R e s e r v o i r  
( 1 4 0 ) .
M a t e r i a l
A s t r a g a l  us 
b i s u l c a t u s
As t . p e c t i -  
na t us
As t .
na t us
A s t . b i s u l -  
c a t u s
Soi  1/ P a r e n t  
M a t e r i a l
F a i r f i e l d  
Gravel  1 y 
Loam
Cl ay l oam 
s o i l
Dark g r a y ,  
g r a n u l a r  
c 1 ay
V o l c a n i c
s o i l ,
unknown
sampl e
dept h
F l o r a
2  ppm
370 ppm
1 2  ppm 
0 . 3  ppm
1 0  ppm
0. 08 ppm
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Us i ng Tab l e  5 and assumi ng t h a t  t he  p r e s e n t  s t udy  
ar ea i s  " v a r i a b l e "  f o r  p l a n t  s e l e n i u m,  t hen " n a t u r a l -  
b a c k g r o u n d "  l e v e l s  o f  s e l e n i u m w i l l  be expec t ed  t o f a l l  
w i t h i n  0.01 and 1. 0  ppm, w i t h  most  ( a p p r o x i m a t e l y  75%) 
v a l u e s  i n t he  0 . 0 5 - 0 . 5 0  ppm r ange i n f l o r a  sampl es.
To t a l  ( i . e . ,  a c i d  e x t r a c t a b l e )  s o i l  s e l e n i u m shou l d  f a l l  
w i t h i n  t he  r ange o f  0 . 05  t o  0 . 60  ppm. These v a l u e s  
( g i v e n  t he v a r i o u s  r oc k  p a r e n t  m a t e r i a l s  and t h e i r  
s e l e n i u m c o n t e n t ) ,  ar e f e l t  t o r e p r e s e n t  a "good ave r age "  
bet ween A. P.  V i n o g r a d o v ' s  e s t i m a t e d  aver age s o i l  c o n c e n ­
t r a t i o n  o f  £0. 01 ppm ( 141a)  and R.R.  B r o o k ' s  v a l u e  o f
0 . 50  ( 1 4 2 ) .  B i o l o g i c a l l y - a v a i l a b l e  ( l a r g e l y  wa t e r  e x t r a c t -  
a b l e )  s o i l  l e v e l s  were assumed t o r ange f r om 1 t o  1 0 % o f  
t he t o t a l  s o i l  s e l e n i u m l o a d .
CHAPTER IV 
MATERIALS AND METHODS 
S o i l s
Samp] 1 n g
Once t he p r ob l em had been r e c o g n i z e d  and f o r m u l a t e d ,  
a l l  a v a i l a b l e  l i t e r a t u r e  was r ev i ewed  f o r  exampl es o f  
s i m i l a r  c i r c u m s t a n c e s  t h a t  sugges t ed  a p p r o p r i a t e  samp l i ng  
a n d / o r  a n a l y t i c  methods ( 143,  144) .  A se t  o f  sampl es 
were t aken  i n  a c c o r danc e  w i t h  t he scheme g i v en  be l ow:
a) The p r o p e r  s o i l  and g e o l o g i c  p a r e n t  m a t e r i a l  map
u n i t s  were s e l e c t e d ,  f o l l o w e d  by a p p l i c a t i o n  o f  " s t r a t i f i e d "  
s a mp l i n g ,  (as g i v e n  be l ow)  i n t he p r ocess  o f  sampl e s i t e  
s e l e c t i o n .
b) I t  was a t t e mp t e d  t o  choose a r eas  t h a t  were r e p r e s e n ­
t a t i v e  o f  t he g i v e n  t a x onomi c  u n i t  ( e . g . ,  Sa p p i n g t o n -  
M u s s e l s h e l l  s o i l  a s s o c i a t i o n )  i n  t e r ms o f  i t s  c h a r a c t e r ­
i s t i c s .  N a t u r a l  s o i l s  on l a n d s c a p e s  r a r e l y  have s h a r p l y  
d e f i n e d  b o u n d a r i e s  and s o i l - m a p p i n g  u n i t s  ar e l es s  p r e c i s e l y  
d e t e r m i n e d  t han ar e  t he d e f i n e d  u n i t s  o f  t he s o i l  c l a s s i f i ­
c a t i o n  scheme.  P r e v i o u s  s t u d i e s  o f  n o n f e r r o u s  s m e l t e r  
heavy met a l  e m i s s i o n s  have obse r ved  t h a t  t he t u n n e l i n g  
a c t i o n  o f  t he s u r r o u n d i n g  t o p o g r a p h y  can pr oduce l o n g - t e r m
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v a r i a t i o n s  i n  f a l l o u t  i n t e n s i t y  bet ween c l o s e l y - s p a c e d  
l o c a l i t i e s  ( 145 ,  146) .  D i f f e r e n c e s  i n  s o i l  p o r o s i t y ,  
a s p e c t  and s l o p e  a l s o  d e t e r m i n e  t he obser ved  l e v e l  o f  
s e l e n i u m per  s i t e ;  t hes e  v a r i a b l e s  were c o n s i d e r e d  i n 
bot h  t he c h o i c e  o f  sampl e s i t e s  and i n t he  i n t e r p r e t a t i o n  
o f  t he a n a l y t i c a l  r e s u l t s  ( see Chap t e r  V I ) .
c)  Once i n  t he f i e l d ,  t he l andsc ape  s e t t i n g  ( e . g . ,  l and 
s u r f a c e - v e g e t a t i o n  p r e s e n t )  was not ed and s u p e r f i c i a l l y  
c oup l ed  w i t h  t he  a r e a ' s  g e o l o g y ,  i f  known.  A number  o f  
p r e l i m i n a r y  a u g e r - b o r i n g s  were made t o ensur e  t h a t  t he
ar ea was no t  " u n u s u a l " ,  e . g . ,  e v i d e n c e  o f  r e c e n t l y  d i s t u r b e d  
s o i l  h o r i z o n s  o r  c o n t a m i n a t i o n  by l i m e ,  f e r t i l i z e r ,  or  
manure.  The method t hen p r oceeded t o  sampl e t he s o i l  
p r o f i l e  (as b e l o w) .
d)  In t h i s  s t u d y ,  two p o l y e t h y l e n e  bagg i es  were used t o 
c o l l e c t  5 t o  10 5-cm.  l ong  s u r f a c e  sampl e c o r e s / b a g ,  
amoun t i ng  t o abou t  500- 700 gms t o t a l  a t  each s i t e ,  t he 
bags be i ng  l a b e l e d  and c l o s e d  w i t h  a k n o t t e d  r u bb e r  band.  
Fu t u r e  s t u d i e s  sh o u l d  p r o b a b l y  o b t a i n  3 t o  4 l b s / s a mp l e  
dep t h  a t  each s i t e  t o  d e c r eas e  t he  s a mp l i n g  e r r o r  i n h e r e n t  
i n  f i e l d  and l a b o r a t o r y  met hods ,  where t he r e l a t i v e  ma g n i ­
t ude  o f  t he  e r r o r  o f  t he  f o r me r  i s  u s u a l l y  much g r e a t e r  
t han t h a t  f ound i n  t he  l a t t e r .  A check on t he s o i l  v a r ­
i ance  a t  a g i v e n  s i t e  c o u l d  be made ( i n  f u t u r e  s t u d i e s )  by 
t a k i n g  s a t e l l i t e  sampl es w i t h i n  50 y a r d s  o f  t he  main a r ea .
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e)  Se v e r a l  r e c t a n g u l a r  1 f t .  x 1 f t .  and 1 f t .  deep s o i l  
p i t s / s i t e  were e x c a v a t e d ,  bo t h  w i t h i n  1 0  f e e t  o f  each 
o t h e r  and w i t h i n  t he  s u r f a c e  s o i l  samp l i ng  r a d i u s  o f  about  
25 f e e t ;  t hes e  ho l es  were dug w i t h  a c l e a n ,  shar pened 
gar den spade.  The h o r i z o n  b o u n d a r i e s  were l o c a t e d ,  ( i f  
p r e s e n t )  and t h e i r  c o l o r ,  t e x t u r e ,  s t r u c t u r e  ( 147,  148 ) ,  
dep t h  and t he  g e n e r a l  r o o t  d i s t r i b u t i o n  were r ec o r d e d  i n 
t he f i e l d  n o t e s .  In t he f u t u r e ,  a " I "  o r  " L " - s h a p e d  p i t  
woul d a l l o w  a 3 - d i m e n s i o n a l  v i ew o f  s o i l  p r o f i l e  v a r i a ­
t i o n s  a t  each sampl e s i t e .  Re ga r d l es s  o f  p i t  geome t r y ,  
car e  must  be t ak en  t o  keep t he  gr ound s u r f a c e  n ex t  t o  
and s e v e r a l  f e e t  back f r om t he ho l e  c l ean  t o  m i n i m i z e
c o n t a m i n a t i o n  o f  t he 15- 20 cm. ( d e p t h )  sampl es .  Ag a i n ,
a p p r o x i m a t e l y  500- 600 gms. o f  s o i l  f r om t he 1 ower  dept h  
were r emov ed / samp l e  s i t e  and c o l l e c t e d  i n t he same manner  
g i v e n  f o r  t he  s u r f a c e  sampl es ( p a r t  ( d ) ,  a bov e ) .
P r e p a r a t i o n
The b u l k  s o i l  sampl es were removed f r om r e f r i g e r a t i o n  
( s e t  a t  2 + 1°C)  and a l l o w e d  t o  come t o room t e mp e r a t u r e .  
About  100 g r ams / bag  f r om each se t  o f  bags per  sampl e 
d e p t h / s i t e  was mi x ed ,  heaped and q u a r t e r e d ;  t he  two oppos i ng  
q u a r t e r s  were g a t h e r e d ,  t hen t r a n s f e r r e d  t o 400- 600 ml .  
b e a k e r s .  The sampl es were t hen a i r  d r i e d  a t  40 + 2°C i n
a Napco 1000 s e r i e s  f o r c e d  d r a f t  oven f o r  12 t o  36 h r s .
Temp e r a t u r e s  much g r e a t e r  t han 45°C can a l t e r  t he exchange 
c h a r a c t e r i s t i c s  o f  t he c l a y - o r g a n i c  c o l l o i d  f r a c t i o n  o f  t he
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s o i l ;  t h i s  wou l d  be e s p e c i a l l y  d e t r i m e n t a l  i f  s o l u b l e  
s e l e n i u m ,  as an e s t i m a t e  o f  t he b i o l o g i c a l l y  a v a i l a b l e  
l e v e l ,  i s  t o  be d e t e r m i n e d .  The c oo l ed  sampl es were 
l i g h t l y  gr ound i n a p o r c e l a i n  mo r t a r  w i t h  p e s t l e ,  t hen 
passed t h r o u g h  a Humbol dt  Model  H-3980 sampl e s p l i t t e r ,  
c o l l e c t i n g  t he  two f r a c t i o n s  i n c l e a n ,  30 ml .  ( a pp r o x .
2x15 cm. )  py r ex  t e s t  t u b e s .  Each t ube  c o n t a i n e d  about  
30 grams o f  s o i l  ( t h u s  t he  excess was d i s c a r d e d )  and was 
cover ed  w i t h  a l a y e r  o f  p a r a f i l m .  Some s i z e  d i s c r i m i n a ­
t i o n  o c c u r r e d  i n  t he s p l i t t i n g  p r o c e s s ,  e . g . ,  v e r y  f i n e  
d u s t  r emai ned  i n  t he s p l i t t e r  and on t he  paper  sheet  on 
wh i ch  each sampl e r e s t e d .  The sampl e s p l i t t e r  was a i r -  
b r ushed bet ween sampl es .
In t he  a c i d  e x t r a c t i o n  met hod,  a 1 gram sampl e
( wei ghed t o  t he  n e a r e s t  0 . 1  mg) was removed f r om t he  f i r s t
t u b e / s a mp l e  se t  f o r  a l l  se t s  (as was done a l s o  f o r  t he  pH 
and s u l f u r  measur ement s )  and p l ac ed  i n a m a c r o k j e l d a h l  
(30 ml .  o p e r a t i n g  vo l ume)  f l a s k ,  wash i ng t he s o l i d  i n t o  
t he f l a s k ' s  bo t t om w i t h  ab o u t  1 ml .  o f  wa t e r .  One ml .  o f  
AR gr ade c o n c e n t r a t e d  HNOg was added per  sampl e,  t he f l a s k s  
t hen heat ed on t he  e l e c t r i c  r ack  t o  near  d r y n e s s ;  a t  t h a t
t i me  t he e v o l u t i o n  o f  t he pa l e  a c i d  fumes s i g n a l e d  t he
need t o  add a n o t h e r  ml .  o f  a c i d ,  f o l l o w e d  by a r e p e t i t i o n  
o f  t h i s  p r o c e s s .  F i n a l l y ,  one ml .  o f  AR gr ade p e r c h l o r i c  
a c i d  (60% v / v )  was added,  t he vol umes r educed by g e n t l e  
h e a t i n g  t o t he  p o i n t  o f  f i l l i n g  them w i t h  t he dense,  w h i t e
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p e r c h l o r i c  f umes.  The f l a s k s  were t hen removed f r om t he 
hea t  s o u r c e ,  t h e i r  w a l l s  were washed down w i t h  s eve r a l  
ml .  o f  w a t e r ,  t hen a l l o we d  t o  c o o l .  The d i g e s t s  were 
f i l t e r e d  t h r o u g h  Whatman no.  5 pape r ,  where t he f i l t r a t e s  
and wash i ngs  f r om f l a s k s  and f u n n e l s  (a 2 - f u n n e l / f l a s k  
syst em was empl oyed ,  t he  second r e s t i n g  on t he v o l u m e t r i c ' s  
mout h)  were c o l l e c t e d  i n 1 0  ml .  v o l u m e t r i c  f l a s k s ,  t hen 
d i l u t e d  t o vol ume and s t o p p e r e d .  The s o l u t i o n s  were 
a l ways  a n a l y z e d  on t he same day as t h e i r  p r e p a r a t i o n .
A l l  g l a s s wa r e  empl oyed was i n i t i a l l y  soaked i n commer c i a l  
a c i d - d i c h r o m a t e  m i x t u r e  b e f o r e  use and t h e r e a f t e r  r e c e i v e d  
a 3N HCl r i n s e  d u r i n g  t he r o u t i n e  c l e a n i n g  p r ocess  between 
p e r i o d s  o f  use.
Se l en i um a n a l y s i s
The b a s i c  p r o c e d u r e  o f  D. Si emer  and L. Hageman was 
empl oyed ,  w i t h  t he  f o l l o w i n g  m o d i f i c a t i o n s  i n a p p a r a t u s :
( 1)  t he use o f  a Beckman a t o mi c  a b s o r p t i o n  s p e c t r o p h o t o ­
me t e r ,  model  440,  ( s i n g l e  beam, s i n g l e  pass d e s i g n )  w i t h  
i n p u t  v o l t a g e  r e g u l a t e d  by a S t a b i l i n e  ( S u p e r i o r  E l e c t r i c  
Co. B r i s t o l ,  Conn. )  u n i t  w i t h  a nomi na l  o u t p u t  o f  115 v o l t s ,
( 2 ) due t o t he  f a u l t y  i n t e g r a t o r  c i r c u i t s  i n t he r e ad o u t  
modu l e ,  t he  d i g i t a l  d i s p l a y  mode was i g n o r e d ,  r a t h e r  
f e e d i n g  t he  s i g n a l  i n t o  a Dohrmann s i n g l e - c h a n n e l  p o t e n t i o -  
m e t r i c  10" s t r i p  c h a r t  (model  SC 1200)  r e c o r d e r  w i t h  f i l t e r  
mode a c t i v a t e d ,  ( 3)  a Wes t i nghouse  h o l l o w  ca t hode  s e l e n i u m
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lamp ( t y p e  WL22938A) ,  16 mamp maximum c u r r e n t ,  w i t h  neon 
f i l l e r  gas ,  (4)  commer c i a l  ( n o n r e a g e n t )  gr ade hydrogen 
and oxygen f r om t he L i q u i d  A i r  I n c . ,  M i s s o u l a ,  company,  
w i t h  s i n g l e  s t age  r e g u l a t o r s  ( Mat heson and Pur ox ,  r e s p e c ­
t i v e l y )  and need l e  v a l v e s  ( o n e / t a n k )  f o r  f i n e  a d j u s t .
RGI I n c o r p o r a t e d  ( V i n e l a n d ,  N . J . )  f l o w me t e r s  were empl oyed,  
model  P880 f o r  oxygen and G226 f o r  hydr ogen .
The i n s t r u m e n t  s e t t i n g s  empl oyed ar e g i v en  i n s t e p ­
wi se  f o r m be l ow,  i n  t he  o r d e r  t h a t  t hey  were p e r f o r me d :
a) Pr oceed as d e s c r i b e d  i n Chap t e r  I I I  o f  t he  i n s t r u ­
me n t ' s  o p e r a t i o n  manual  i n r e g a r d s  t o syst em s t a r t u p ,  
l amp p o s i t i o n i n g  f o r  maximum r esponse ( u s u a l l y  abou t  80% 
on t he r e l a t i v e  ene r gy  s c a l e ) ,  e t c .  A % hour  warm-up 
p e r i o d  appear ed  n e c e s s a r y  t o s t a b i l i z e  t he  l a mp ' s  e mi s s i o n  
i n t e n s i t y ,  a t  a 1 0  m. amp s e t t i n g .
b) The r esponse  t i me  knob was se t  t o t he second p o s i t i o n  
( i . e . ,  a two second r e q u i r e m e n t  f o r  98% r esponse  t o f u l l  
s c a l e  change i n  s i g n a l  w i t h  t he  d i s p l a y  mode s w i t c h  i s
s e t  a t  " c o n t i n u o u s " ,  s l i t  w i d t h  t o " 1 2 " ( 1 mm), p h o t o m u l t i ­
p l i e r  (pm) v o l t a g e  t o  1 0 0 0  v o l t s ,  w i t h  t he I ^  a d j u s t  a t  
3 / 4 maximum s e t t i n g .  Wh i l e  t he  chopper  was a c t i v a t e d ,  
t he  wa v e l e n g t h  c o n t r o l  was s l o w l y  moved + 1 mm f rom 196. 0 
mm, where t he  maximum need l e  d i s p l a c e m e n t  on t he r e l a t i v e  
e ne r gy  me t e r  was n o t e d ;  t h i s  a l l o we d  t he d e t e r m i n a t i o n  o f
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maximum a b s o r p t i o n  ener gy  and t h u s l y  opt i mum a n a l y t e  
s e n s i t i v i t y .
c)  The r e c o r d e r  c o n t r o l s  were a c t i v a t e d ,  t he paper  d r i v e  
s e t  a t  %" / m i n u t e ,  t hen t he r e c o r d e r  e l e c t r o n i c s  were s h o r t -  
c i r c u i t e d  so t h a t  t he  pen t r a c e d  t he " 0 " i nch  l i n e  on t he 
paper .  The r ange e x p ans i on  was se t  a t  5 ( i . e . ,  f u l l  s c a l e  
d e f l e c t i o n  p o t e n t i a l  o f  5 m v . ) ,  t he p h o t o m u l t i p l i e r  v o l t a g e  
r educed t o  800,  w h i l e  t he I ^  a d j u s t  was r educed t o q u a r t e r  
r ange .  The pen shou l d  t hen be r i d i n g  on t he " 10"  i nch  
l i n e  o f  t he paper .  The a b s o r p t i o n  r esponse was checked
by b l o c k i n g  t he  AA beam o f  t he o p t i c a l  syst em w i t h  an 
i ndex  c a r d .  I f  t he i n s t r u m e n t  was a d j u s t e d  c o r r e c t l y ,  
t he pen t r a c e  woul d  r e t u r n  t o  t he  " 0 " l i n e ;  t he pr ocess  
( p a r t  ( c ) )  was r e p e a t e d  i f  t h i s  was no t  o b s e r v e d .  The pen 
t r a c e  o f  t he unobscur ed  beam showed a usual  1 mm t r a c e  
d e f l e c t i o n  f r om t he  " 1 0 " i nch  l i n e .
d) The gas s u p p l y  sys t ems and c o n n e c t i o n s  t o t he r e a c t i o n  
vesse l  were checked c o m p l e t e l y  f o r  l e a k s .  The hydr ogen 
f l o w  was a d j u s t e d  t o  50 + 2 u n i t s  ( e q u i v a l e n t  t o 1 . 05 +
.05 1 / m i n . )  w i t h  a need l e  v a l v e .  The ex h a u s t  f an was 
a c t i v a t e d ,  f o l l o w e d  by i g n i t i o n  o f  t he hydr ogen v i a  t he 
ends o f  t he  a b s o r p t i o n  t ube .  The pen t r a c e  t hen i n d i c a t e d  
a 20-30% a b s o r p t i o n  wh i ch  was e l i m i n a t e d  by d e c r e a s i n g  t he 
ga i n  a d j u s t .
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e) The hydr ogen f l ame  was a l l o we d  t o burn f o r  s e v e r a l  
mi n u t e s  t o  a s s u r e  a c o n s t a n t  f l o w  r a t e  (as j u d g e d ^ b y  
pen d i s p l a c e m e n t ) .  The Og f l o w  was t hen a d j u s t e d  t o 80
 ̂ u n i t s  ( e q u i v a l e n t  t o  0 . 230  0 . 010  1 mi n.  ).  A mi nor
d i s p l a c e m e n t ,  u s u a l l y  1 0 % d e f l e c t i o n ,  t hen o c c u r r e d ;  t h i s  
was a l s o  e l i m i n a t e d  v i a  a d j u s t i n g  t he g a i n .  Th i s  ma n i p ­
u l a t i o n  o f  bot h  ga i n  and pm. v o l t a g e  r educed t he r e l a t i v e  
sys t em ene r gy  t o  a p p r o x i m a t e l y  5%, whi ch l a r g e l y  l i m i t e d  
t he  s e n s i t i v i t y  o f  t he  a n a l y t i c a l  sys t em due to t he h i gh 
n o i s e  l e v e l s .
f )  The d r a i n  s t o p c o c k  o f  t he r e a c t i o n  vesse l  was c l o s e d ,  
t hen 3 . 0  ml .  o f  3M AR gr ade HCl was i n j e c t e d ,  v i a  a 3 . 0  
ml .  vol ume d i s p o s a b l e  s y r i n g e ,  t h r o u g h  t he d i aphr agm 
c o v e r i n g  t he  t u b e ' s  s i d e  arm.  In t h i s  syst em t he f l ame 
bur ned c o n t i n u o u s l y  and t he g e n e r a t o r  was never  opened so 
as t o  p r e v e n t  a i r  " peak s "  on t he r e c o r d e r  paper .  The one 
ml .  a l i q u o t  o f  t he  g i v e n  unknown was i n j e c t e d  v i a  a second,  
1 . 0  ml .  vol ume s y r i n g e  and n e e d l e .  The a c i d  and a n a l y t e  
were t hen a l l o we d  t o r e a c t  f o r  a p p r o x i m a t e l y  one mi n u t e .
One ml .  o f  1% ( n o t  s t a b i l i z e d  w i t h  base)  sodi um boro h y d r i d e  
was t hen added c a r e f u l l y  w i t h  a t h i r d  1 . 0  ml .  s y r i n g e .
Th i s  l a s t  s t e p  was t he  " a r t f u l " one s i n c e  t he absor bance 
s i g n a l  t i m e ,  and t hus  peak h e i g h t ,  was a f u n c t i o n  o f  t he 
h y d r i d e  s t r i p p i n g  r a t e ,  no t  t he r e s i d e n c e  t i me  o f  t he 
i n d i v i d u a l  s e l e n i u m atoms i n t he  a t o m i z e r  f l a me .  A d d i t i o n
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o f  t h i s  r e a g e n t  t oo s l o w l y  caused a r e d u c t i o n  i n peak 
h e i g h t  w h i l e  t oo  r a p i d  i n t r o d u c t i o n  i nduced v i o l e n t  
f o a mi n g ,  wh i ch  i n  t he  ex t r eme case f l o o d e d  pas t  t he m i s t  
t r a p .  Th i s  caused e i t h e r  mask i ng o f  t he s e l e n i u m s i g n a l  
due t o  t he  sodi um i n t e r f e r e n c e ,  o r  i n t he wo r s t  case,  
t he  f l ame  t o  be e x t i n g u i s h e d .  The gene r a l  s t o i c h i o m e t r y  
o f  t he  AA r e a c t i o n  i s  g i v e n  be l ow:
i )  3BH^-  + 4H2SeOg + + 4HgSe + SH^O
i i )  BHgSe + 0^ > 2Se ( g )  + 2HgO
g) A f t e r  t he unknowns and 0 . 10  ppm s t a n d a r d s  were 
a n a l y z e d ,  t he oxygen f l o w  was t u r n e d  o f f ,  maki ng sur e  t h a t  
t he s u p p l y  was c o m p l e t e l y  e x t i n g u i s h e d  b e f o r e  s h u t t i n g  o f f  
t he  hy d r ogen .  Th i s  was n e c e s s a r y  because t he l a t t e r  was 
b l ed  o f f  much more q u i c k l y  t han t he f o r m e r ,  r a i s i n g  t he 
p o t e n t i a l  o f  e x p l o s i v e  r a t i o s  o f  t he  two gases.  The AA 
syst em and r e c o r d e r  were t hen d e a c t i v a t e d  as g i v e n  i n 
t h e i r  i n s t r u c t i o n  manua l s .
The p r e p a r a t i o n  o f  r e a g e n t s  may be f ound i n t he 
o r i g i n a l  so u r c e .  I t  s hou l d  be not ed t h a t  no s e l e n i u m 
c o n t a m i n a t i o n  by c o r r o d e d  n eed l es  (used f o r  s e v e r a l  days 
i n s u c c e s s i o n )  or  f r om t he r e a g e n t s  seemed to e x i s t ,  as 
not ed by t he  a u t h o r s  i n  t h e i r  p u b l i c a t i o n .
S u l f u r  A n a l y s i s
A 0 . 10  gm. s o i l  sampl e was i g n i t e d  i n an oxygen atmos 
pher e i n  t he  p r es enc e  o f  a 2:1 w/w Sn-Fe c a t a l y t i c  m i x t u r e
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The Leco i n d u c t i o n  f u r n a c e  ( 147)  o x i d i z e d  t he s u l f u r  t o
SO2  wh i ch  b l eac hed  t he  s t a r c h  s o l u t i o n  i n t he  c o l l e c t i o n
f l a s k  by t he f o l l o w i n g  r e a c t i o n :
i ) SOg + 12  + H g O --------> H2 SO4  + 2HI
The b l ue  c o l o r  was m a i n t a i n e d  by t i t r a t i n g  t he d i s s o l v e d
SO2  ( u n t i l  c e s s a t i o n )  w i t h  p o t a s s i u m i o d a t e  as summar i zed 
be l ow:
i i )  2 KIO3 4HI + 2HC1 ------ > 2KC1 + SIg + 3 H2 O
F l o r a
P l a n t  sa mp l i n g
The p l a n t  m a t e r i a l  was sampl ed i n a c o n s i s t e n t  and 
u n i f o r m  manner ,  e . g .  t he same p l a n t  o r gans  on a l l  s i d e s  
o f  t he  g i v e n  sampl e were c o l l e c t e d  a t  a c e r t a i n  p r e d e t e r ­
mined h e i g h t  above gr ound l e v e l .  In t h i s  s t u d y ,  t he  g r asses  
and f o r b s  each r e p r e s e n t e d  3 t o  10 c l umps or  c o l o n i e s /  
s p e c i e s  w i t h i n  t he 25 f t .  s o i l  c o l l e c t i o n  r a d i u s  and 
i n c l u d e d  a l l  a e r i a l  t i s s u e  ( i n  n a t u r a l  p r o p o r t i o n  by w e i g h t )  
2" above gr ound l e v e l  t o  a v o i d  s o i l  c o n t a m i n a t i o n .  The 
t r e e  m a t e r i a l  sampl ed a t  s i t e s  2,  4 and 13 was t aken  about  
5%-6% f e e t  above t he  gr ound and f r om a l l  s i d e s .  H o p e f u l l y ,  
t he s p e c i e s  sampl ed do a c c u mu l a t e  t he e l emen t s  o f  c o n c e r n ,
i . e .  s u l f u r ,  s e l e n i u m and f l u r o i d e  i n a r e p r o d u c i b l e  manner ,  
w i t h  t he  t i s s u e  c o n t e n t  be i ng  d i r e c t l y  p r o p o r t i o n a l  t o  t h a t  
f ound i n  t he  s o i l  ( e s p e c i a l l y  i n  t he  case o f  s e l en i um 
r e l a t i o n s h i p s ) .  Thus,  i t  was d e c i d e d  to sampl e t hose p l a n t
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s p e c i e s  t h a t  absor b  smal l  but  d e t e c t a b l e  amounts o f  
s e l e n i u m,  as an e s t i m a t e  o f  gene r a l  e n v i r o n me n t a l  i mp a c t ,  
r a t h e r  t han c h o o s i n g  a c c u mu l a t o r  f l o r a  (see sour ce [ 1 4 9 ] )  
wh i c h  woul d i n d i c a t e  maximum e mi s s i o n  i mpac t  per  g i ven  
s i t e .  The p r i o r i t y  o f  p l a n t  f a c t o r s  c o n s i d e r e d  i n t he 
p r e s e n t  p l a n t  samp l i n g  de s i g n  ar e g i v e n  i n t he f o l l o w i n g  
t a b l e :
TABLE 7
CRITERIA INVOLVED IN PLANT-SAMPLING DESIGN (a )
F a c t o r
P l a n t  Spec i es  
Organ Sampled 
Age o f  Organ 
Root  Depth
pH
P l a n t  H e a l t h  
Dr a i  nage
El ement
A v a i l a b i l i  t y
R e l a t i v e
I mpo r t anc e
Ver y Gr ea t
Gr ea t
S i g n i f i c a n t
F a i r l y
S i g n i f i c a n t
Method o f  Reduci  ng 
t he  F a c t o r ' s  E f f e c t
O r i e n t a t i o n - P i l o t  Sur vey
C o n c e n t r a t i o n  R a t i o s  o f  
2 El ement s  per  Sample
S e l e c t  h e a l t h y  spec i mens 
on 1 y
El ement  R a t i o ,  e . g .  Si Se,  
S t u d i e s
Ra t i o  o f  e l ement  cones,  
o f  same b i o a v a i l a b i l i t y  
t o  a g i v en  s p e c i e s
(a)  Sour ce ;  Br ook s ,  R . R. ,  Geobo t any  and B i o g e o c h e m i s t r y  i n 
M i n e r a l  E x p l o r a t i o n ,  Har per  and Row " P u b l i s h e r s !  N. Y. , 
lT 7 T 7 ~ T a 'b T F n T '-T D T “  P • H I -
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Pr e p a r a t i o n  o f  p l a n t  m a t e r i a l
P l a n t  m a t e r i a l  was c o l l e c t e d  and p r epa r ed  f o r  chemi ca l  
a n a l y s i s  as g i v e n  i n t he o r d e r e d  s t eps  be l ow:
a) Upon a r r i v a l  a t  a g i v en  sampl e s i t e ,  t he v e g e t a t i o n  
was i n s p e c t e d  t o d e t e r m i n e  what  s p e c i e s  were a v a i l a b l e .
The a p p a r e n t  domi nan t  f l o r a  p l us  suspec t ed  s e l e n i u m 
a b s o r b e r s  were a l ways  sampl ed;  v a r i o u s  s pec i es  o f  u n c e r t a i n  
s e l e n i u m - a c c u m u l a t i o n  s t a t u s  were a l s o  sampl ed f r om t i me
t o t i me  a t  any g i v e n  s i t e .
b) Us i ng c l e a n  s c i s s o r s ,  a p p r o x i m a t e l y  5 grams o f  t i s s u e  
were c u t  away f r om each f o r b  c l u s t e r  o r  g r ass  c l ump,  
s e l e c t i n g  an av er age  o f  s i x  such g r o u p s / s p e c i e s ,  and 
w e i g h i n g  abou t  30 gms. s e m i - d r y  t o  wet  w e i g h t ,  depend i ng  
on t he  season.  U s u a l l y ,  2 t o 4 s p e c i e s  were c o l l e c t e d /  
s i t e  per  sampl e s e t .  The t i s s u e  o f  each s p e c i e s  was p l aced  
i n  s e p a r a t e ,  l a b e l e d  p o l y e t h y l e n e  bags and sea l ed  w i t h  a 
k n o t t e d  r u b b e r  band.
c)  The sampl es were i d e n t i f i e d  ( i f  n e c e s s a r y )  u s i ng  
v a r i o u s  f l o r a l  key s ,  t hen f r o z e n  ( - 1 5 ° C)  u n t i l  s t ep  ( d ) .
d)  A p p r o x i m a t e l y  10 gms. o f  t i s s u e  were " r a n d o ml y "  w i t h ­
drawn f r om each o f  t he  r e c e n t l y  t hawed sampl es ,  t hen chopped 
i n t o  1 cm. l e n g t h s  ( r e g a r d l e s s  o f  t i s s u e  t y p e ,  e . g .  g r ass  
stems o r  m i l k v e t c h  pods)  w i t h  a c l e a n ,  hydr ogen p e r o x i d e -  
r i n s e d  r a z o r  b l a d e .  The t i s s u e s / s a m p l e  were p l aced  i n
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250- 800 ml .  beaker s  and d r i e d  i n a f o r c e d  d r a f t  oven f o r  
24 t o  48 hour s  a t  38 2 ° C . At  t he  end o f  t h i s  p e r i o d ,
t h e y  were removed f r om t he oven and ground i n a Wi l ey  
m i l l  ( i n t e r m e d i a t e  model )  t o  pass t h r o u g h  mesh no.  2 0  
( a p p r o x .  1mm). The m a t e r i a l  per  sampl e was c o l l e c t e d  i n 
a l a b e l e d  p l a s t i c  v i a l  (50 ml .  v o l u me ) ,  capped and s t o r e d  
a t  room t e mp e r a t u r e  p r i o r  t o d i g e s t i o n .
e) One gram o f  each sampl e was wei ghed out  ( t o  t he 
n e a r e s t  0.1 mg, us i n g  a M e t t l e r  t y pe  H15 b a l a n c e )  t hen 
t r a n s f e r r e d  t o  500 ml .  Er l enmey e r  f l a s k s  and a p p r o x i m a t e l y  
20 ml .  o f  AR gr ade HNO^ was d i s p e n s e d  t o each f l a s k  u s i n g  
a b u r e t t e  (50 ml .  c a p a c i t y ) .  I f  t he sampl e was j udged  t o 
be h i gh  i n p r o t e i n ,  f a t  or  r e s i n o u s  m a t e r i a l s  ( e . g . ,  seeds,  
c o n i f e r  n e e d l e s ,  r e s p e c t i v e l y ) ,  t he f l a s k  was a l l o we d  t o 
s t and  w i t h o u t  h e a t i n g  under  t he hood f o r  % hour .  The 
m a t e r i a l  was g e n t l y  s w i r l e d  under  t he hood to mi x t he 
r e a c t a n t s ,  t hen p l ac ed  on a h o t p l a t e  ( Ther mo l yne  220;
230v,  2940 w) p r e h e a t e d  t o  170°C ( a p p r o x i ma t e  s e t t i n g  o f  
" 4 0 0 " ) .  A l l  m a t e r i a l s  were a l l o we d  to s l o w l y  d i g e s t  f o r  
abou t  15 m i n u t e s ,  d u r i n g  wh i ch  t i me  c op i ous  e v o l u t i o n  o f  
NO^ was o b s e r v e d .  The hea t  was i n c r e a s e d  t o 195°C,  and 
t he  m i x t u r e s  a l l o w e d  t o  b o i l  v i g o r o u s l y .  The f l a s k s  were 
s w i r l e d  o c c a s i o n a l l y  t o p r e v e n t  bumpi ng a n d / o r  s p a t t e r i n g .  
Th i s  method r e q u i r e d  c o n s t a n t  v i g i l a n c e  but  e x p e l l e d  a l l  
t he  r e d d i s h  brown NO^ w i t h i n  an hour .  The f l a s k s  were
6 8
t hen e i t h e r  a l l o w e d  t o s i mmer  a t  180°C f o r  about  1 hour  
o r  hea t ed  a t  200°C w i t h  c o n s t a n t  a t t e n t i o n  g i ven  t o them.  
When t he  s t r a w - c o l o r e d  v o l u m e / f l a s k  was reduced t o s e v e r a l  
m i l l i l i t e r s ,  1 ml .  o f  AR g r ade ,  6 0 p e r c h l o r i c  a c i d  was 
added t o  each f l a s k .  The vol umes were t hen r educed to 
near  d r y n e s s ,  w i t h o u t  c h a r r i n g ,  u n t i l  dense,  w h i t e  a c i d  
fumes f i l l e d  t he  f l a s k s .  Smal l  vol umes (^1 m l . )  o f  30% 
HgOg were s a f e l y  added d r op wi s e  t o each f l a s k  w h i l e  
s w i r l i n g  t o  a i d  i n  t he  d e c o l o r i z a t i o n - o x i d a t i o n  r e a c t i o n s  
a t  t h i s  s t a g e .  No pr ob l ems due t o  m e t a l l i c  p e r c h l o r a t e s -  
o r g a n i c  m a t t e r  i n t e r a c t i o n s  were obser ved  i f  s i g n i f i c a n t  
o x i d a t i o n  o f  t he t i s s u e s  by HNO^ o c c u r r e d  b e f o r e  f i n a l  
d i g e s t i o n  by HCIO^.  The h e a t i n g  was c o n t i n u e d  u n t i l  
r e appea r anc e  o f  t he p e r c h l o r i c  f umes;  i f  t he t r a c e  amount  
o f  added p o t a s s i u m d i ch r oma t e / f 1 ask r emai ned g r een ,  a smal l  
amount  o f  HCIO^ was added and t he  m i x t u r e  was fumed a g a i n .  
The c omp l e t ed  d i g e s t s  were removed f r om t he h e a t ,  and 1 ml 
o f  wa t e r  was a d d e d / f l a s k  t o  coo l  t he r e a c t i o n  as we l l  as 
t o  d i s s o l v e  t he a c i d  fumes i n  t he d i g e s t  s o l u t i o n .
f )  The c o o l e d  d i g e s t ( s )  were f i l t e r e d  t h r o u g h  Whatman no 
5 pape r ,  wash i ng  t he  f l a s k s  w i t h  warm 0.01 NHCl as done 
by M. Behan and T. K i n r a i d e  ( 1 5 0 ) .  The a n a l y s i s  f o r  
s e l e n i u m t hen  p r oceeded as d e s c r i b e d  f o r  t he s o i l  sampl es .
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F l u o r i n e  anal  y s i s
O n e - h a l f  gram ( we i ghed t o t he n e a r e s t  mg. )  o f  d r i e d ,  
g r ound p l a n t  m a t e r i a l  was p l aced  i n a 3 5  ml .  n i c k e l  
c r u c i b l e ,  0 . 05  gram o f  l o w - f l u o r i n e  c a l c i u m o x i d e  was 
added,  t hen t he  m i x t u r e  was s l u r r i e d  w i t h  a smal l  vol ume 
o f  w a t e r .  The sampl es were d r i e d  and p r e - a s h e d ,  t hen 
t r a n s f e r r e d  t o  a m u f f l e  f u r n a c e ,  c o v e r e d ,  and ashed o v e r ­
n i g h t  a t  600°C.  The coo l  c o n t e n t s  o f  t he c r u c i b l e s  were 
mo i s t ened  w i t h  w a t e r ,  t hen d i s s o l v e d  i n a mi n i ma l  vol ume 
o f  30% p e r c h l o r i c  a c i d .  The c o n t e n t s  were t r a n s f e r r e d  
t o 100 ml .  v o l u m e t r i c  f l a s k s  us i n g  smal l  mounts o f  50% 
t o t a l  i o n i c  s t r e n g t h  b u f f e r  t o wash ou t  bot h c r u c i b l e  and 
f u n n e l  ( p e r  sampl e)  i n t o  t he  f l a s k .  The vol umes were 
d i l u t e d  t o vol ume w i t h  more 50% TISAB.  The d e t e r m i n a t i o n  
o f  f l u o r i n e  c o n t e n t  was made w i t h  an Or i on  f l u o r i d e - s p e c i f i c  
e l e c t r o d e ,  c a l i b r a t e d  a g a i n s t  known f l u o r i n e  s t a n d a r d s .
I f  t he  sampl es '  f l u o r i d e  c o n t e n t  was v e r y  l ow i t  was s p i k ed  
w i t h  1 ml .  o f  a 5 ppm f l u o r i d e  s o l u t i o n .
Sampl e Des i gn and S t a t i s t i c a l  A n a l y s i s  o f  t he Data 
As emphas i zed p r e v i o u s l y ,  t h i s  p i l o t  s t u d y  sought  t o 
o b t a i n  t he  r ange o f  s o i l  s u l f u r  and s e l e n i u m c o n c e n t r a t i o n s  
as we l l  as t he  s e l e n i u m c o n t e n t  i n  p l a n t  m a t e r i a l  e x i s t i n g  
i n  t he  s t u d y  a r ea .  I t  was an e m p i r i c a l  appr oach a t  e s t i ­
ma t i n g  t he  sampl e s i z e  n e c e s s a r y  ( v i a  n=(Z x S ^ ) / c . i . )  t o 
d e t e r m i n e ,  i n  a d e f i n i t i v e  manner ,  whe t he r  e i t h e r  e l ement
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has a c c u mu l a t e d  i n  t he s o i l  t o t he  degr ee o f  a f f e c t i n g  
p l a n t  s e l e n i u m c o n c e n t r a t i o n s ,  i . e . ,  a c c u mu l a t i o n  above 
" b a c k g r o u n d "  l e v e l s .  Because o f  t he assumed h i gh  v a r i ­
a b i l i t y  o f  s e l e n i u m c o n t e n t  a r ound t he p o p u l a t i o n  means 
f o r  s o i l  s e l e n i u m and s e l e n i u m i n p l a n t  m a t e r i a l ,  a 
g e o g r a p h i c a l l y - s t r a t i f i e d  sampl e d e s i g n  was empl oyed.
Th i s  appr oach  d i v i d e d  t he  ar ea i n t o  f o u r  a p p r o x i m a t e l y  
homogeneous i mpac t  c a t e g o r i e s  based upon d i s t a n c e  f rom 
t he  s m e l t e r  o p e r a t i o n s .  The word s t r a t i f i e d  i s  l o o s e l y  
a p p l i e d ,  s i n c e  t he number  o f  s i t e s  p l us  t h e i r  d i r e c t i o n  i n 
r e l a t i o n  t o  t he e mi s s i o n  sour ce  per  p o l l u t i o n  i mpac t  c a t e ­
go r y  v a r i e d .  Th i s  i n t e n t i o n a l  b i as  was based upon t he 
r e v i e w  o f  s e l e n i u m emi ss i  o n - s o i 1 a c c u mu l a t i o n  l i t e r a t u r e ,  
where t he  a u t h o r s  no t ed c o n c e n t r a t i o n s  above b a s e l i n e  
l e v e l s  o n l y  w i t h i n  a m i l e  o r  so r a d i u s  f r om t he r e s p e c t i v e  
s o u r c e ,  and t e n d i n g  t o  f o l l o w  t he p r e d o mi n a n t  wi nd p a t t e r n s  
f ound i n t he  g i v en  s t u d y  a r ea .  In a t r u l y  s y s t e m a t i c  
a p p l i c a t i o n  o f  t h i s  method p r o p o r t i o n a l  r e p r e s e n t a t i o n  woul d 
be g i v e n  t o a l l  s u b p o p u l a t i o n s .  The ma j o r  d i f f i c u l t y  i n 
t h i s  k i n d  o f  s t u d y  a r i s e s  i n  m i n i m i z i n g  t he s u b j e c t i v e  
e l e me n t ,  e . g . ,  sampl e b i a s ,  when c o l l e c t i n g  m a t e r i a l s  f o r  
c hemi c a l  a n a l y s i s .  Thus ,  i n  t he  c ompar i son  o f  two v a r i a b l e s ,  
( e . g .  s o i l  s u l f u r  vs.  s o i l  s e l e n i u m)  where t h e i r  r e s p e c t i v e  
v a r i a t i o n  i s  no t  d i s t r i b u t e d  i n equal  p r o p o r t i o n s  ov e r  t he 
t o t a l  s t u d y  ar ea (and somewhat  v a r i a b l e  t h r o u g h  t i m e ,  as 
i s  a p p a r e n t l y  t he  case h e r e )  t h i s  method w i l l  ensur e  a
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n e a r l y  r e p r e s e n t a t i v e  sampl e s e t  per  v a r i a b l e .  For  any 
g i v e n  p o p u l a t i o n  p a r a me t e r ,  e . g . ,  a c i d - e x t r a c t a b l e  s o i l  
s e l e n i u m a t  0- 5 cm. d e p t h ,  t he n u l l  h y p o t h e s i s  (H^)  was 
t h a t :  ( a)  no s i g n i f i c a n t  d i f f e r e n c e  a t  p=0. 05 e x i s t e d
bet ween t he  c o n c e n t r a t i o n  means o f  a g i v en  v a r i a b l e  
bet ween sampl e d e p t h s ,  ( b)  t h a t  no r e l a t i o n s h i p  e x i s t e d  
bet ween s o i l  s e l e n i u m and s u l f u r  ( a t  e i t h e r  d e p t h )  as 
w e l l  as ( c )  t h a t  no r e l a t i o n s h i p  between p l a n t  s e l en i um 
l e v e l s  and e i t h e r  s o i l  s e l e n i u m,  s o i l  s u l f u r  o r  s o i l  pH 
( a t  bo t h  d e p t h s )  e x i s t e d .  The e v a l u a t i o n  d i f f e r e n c e s  
( e . g . ,  [ S ] q _ ^  v s  L S]  -j g _ 2 Q ) i n c l u d e d  t he t e s t  o f  t he 
a l t e r n a t e  h y p o t h e s i s  (H-j ) u s i n g  a t w o - s i d e d ,  or  nondi  r e c ­
t i  o n a l ,  c r i t e r i a .  A l t h o u g h  t he  sampl e b i a s  f o r  any g i ven
v a r i a b l e  i s  e x pec t ed  t o  pr oduce  a v a r i a n c e  bet ween p and
2 2
X (as we l l  as bet ween a and S ) t he m a t t e r  was to d e t e r ­
mi ne i t s  s t a t i s t i c a l  s i g n i f i c a n c e  and t h u s l y  d i s c r e d i t  
or  f a i l i n g  t o  d i s c r e d i t  a t  p=0 . 05 .  A l l  o f  t he above 
i n f e r e n c e s  a r e  based upon t he  f a c t  t h a t  even i f  t he popu­
l a t i o n  o f  v a l u e s  ( e . g . ,  s o i l  s e l e n i u m,  0-5 c m . )  i s  not  
Gauss i an ,  t he  d i s t r i b u t i o n  o f  random sampl e a r i t h m e t i c  
means w i l l  t end t owar ds  n o r m a l i t y  (as s t a t e d  by t he c e n t r a l  
l i m i t  t heo r em)  i f  n ^  30 and assumi ng t h a t  no r a d i c a l  
d e p a r t u r e  o f  such a p o p u l a t i o n  f r om a normal  d i s t r i b u t i o n  
t ype  o c c u r r e d .  A l l  v a r i a b l e s  were gr aphed v i a  h i s t o g r a ms  
and c a l c u l a t i o n s  o f  t he  b a s i c  s t a t i s t i c s ,  e . g .  t he h i s t o ­
g r am' s  d e v i a t i o n  f r om n o r m a l i t y  v i a  t he  shew i n d e x ,  were
72
made. A number  o f  t e x t s  were c o n s u l t e d  i n t he  c o m p i l a t i o n  
o f  t he  s t a t i s t i c a l  r e s u l t s  d i s c u s s e d  i n Chap t e r s  V and V I .  
They are  l i s t e d ,  i n  d e c r e a s i n g  o r d e r  o f  i m p o r t a n c e ,  i n  
c i t a t i o n  ( 1 5 1 ) .
CHAPTER V 
RESULTS
C a l i b r a t i o n  o f  t he Hydrogen Se1en i de~At omi c  A b s o r p t i o n  System 
S t a n d a r d  s e l e n i u m  c o n c e n t r a t i o n s  were p r epa r ed  as done 
i n t he  c a t a l y t i c  s e l e n i u m  method ( Append i x  I I I )  w i t h  t he 
r e s u l t s  g i v e n  be l ow.
TABLE 8
CALIBRATION OF THE SELENIUM-ATOMIC ABSORPTION SYSTEM
Cone. (ppm)  b l an k  .005 .01 .05 .10 .50 1 .00 5 . 00 10. 00
Absor bance  .004 .004 .025 .030 . 050 .066 .079 .085 .086
( a v . )
Th i s  da t a  was u t i l i z e d  t o  p r oduce  t he  f o l l o w i n g  c a l i b r a t i o n  
p l o t ;  t he  r e g r e s s i o n  l i n e  was f i t t e d  "by eye"  r a t h e r  t han 
by c a l c u l a t i o n .
.01
0.0 ,0o5 .Ol .05 .lO .50  1.00 $.00 10.00
F i g u r e  3 - - S e l e n i u m  C a l i b r a t i o n  L i n e ,  De r i v e d  f rom Tab l e  8
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The c a l i b r a t i o n  da t a  was checked us i ng  s e v e r a l  d i f f e r e n t  
d i g e s t i o n  p r o c e d u r e s  on NBS 1571 o r c h a r d  l e a v e s .  The 
r e s u l t s  o f  t h i s  s t u d y  are  l i s t e d  be l ow.
TABLE 9
/ERY STUDIES AND CHECK OF THE SE-AA CALIBRATION CURVE
Ash i n g  method
Observed 
c o n c e n t r a t i o n  (ppm)
l a . Mg( NO g ) g - f u r n a c e 0. 064
l b . M g f N O j j g ' f u r n a c e 0. 064
2 . Mg(N0 2 ) 2 - f u r n a c e 0 . 1 0 0
3. HClO^iHNOg d i g e s t 0 . 080
4. HC10^:HN0g d i g e s t 0 . 1 2 0
The ave r a g e  f o r  a l l  samples i s  0 . 086  + 0.021 ppm, w h i l e  t he 
oven method and wet  ash y i e l d e d  0 . 076  + 0.021 ppm and 0 .100  
+ 0 . 028  ppm r e s p e c t i v e l y .  Sample ( 1 )  s u f f e r e d  a smal l  l o s s  
( e s t i m a t e d  t o  be 5% o f  t o t a l  sample w e i g h t )  d u r i n g  t he  p r e -  
ash i ng  s t e p ,  p o s s i b l y  e x p l a i n i n g  t he  c a l c u l a t e d  v a l u e  be i ng  
bel ow Si emer  and Hagemann' s r e s u l t  o f  0 . 087 ( w i t h  a r e l a t i v e  
s t a n d a r d  d e v i a t i o n  o f  7.8% ppm) ( 1 5 2 ) .  S i nce NBS l i s t s  an 
u n c e r t i f i e d  s e l e n i u m  c o n c e n t r a t i o n  o f  0 . 08  yg (+ 0 . 0 1  y g ) 
( 1 5 3 ) ,  t he  method appears  s a t i s f a c t o r y ;  however ,  because 
a check on t he  a c i d  d i g e s t  p r oduced a mean r e s u l t  o f  0 . 08  
+ 0 . 0 1  v i a  t he  c a t a l y t i c  method,  i t  was de c i de d  t o  run two 
0 . 1 0  ppm s t a n d a r d s  a l o n g  w i t h  each se t  o f  p l a n t  and s o i l  
u n known s .
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S o i l  Se l en i um Data 
The c o mp l e t e  s e t  o f  raw data i s  l i s t e d  i n t he  second 
a p p e n d i x ;  however ,  i t  has been s e p a r a t e d  i n t o  t he f o u r  
c a t e g o r i e s  based upon r e l a t i v e  e m i s s i o n - p o l l u t a n t  i mpac t  
be l ow.  T h i s  was done f o r  more r eady  e v a l u a t i o n  o f  the 
d a t a  ( f r o m  s i t e  t o  s i t e )  based upon the h y p o t h e s i z e d  
i mpa c t  a rea d i s c u s s e d  i n  Chap t e r  I .
TABLE 10 - - T o t a l  ( a c i d - e x t r a c t a b l e )  s o i l  s e l e n i u m a t  both  
sample dep t hs  per  s i t e ,  i n  ppm (a)
R e l a t i v e  I mpac t  
C l a s s i f i c a t i o n
( 1 ) " Heavy"
S i t e  2
S i t e  7
S i t e  8
Group
( 2 )  " M o d e r a t e "
S i t e  1 
S i t e  3 
S i t e  5 
S i t e  9 
S i t e  1 2  
Group
( 3 ) " L i g h t "
S i t e  4 
S i t e  6  
S i t e  1 0  
S i t e  1 1  
Group
Sample Depth
0 -- 5 cm 15-20 cm
S^ S s 2 s^X X X X
1 ,. 29 0 ., 269 0 ., 509 0 ., 38 0 .,004 0 ., 065
0 ,.82 0 ., 074 0 ..272 0 .,27 0 . 009 0 ., 093
1 ,.62 0 ., 065 0 .. 256 0 ., 46 0 . 0 0 0 0 ., 008
1 ,. 24 0 .,108 0 .. 328 0 . 37 0 . 006 0 ., 078
0 ., 50 0 . 013 0 . 1 1 3 0 ., 27 0 . 004 0 .,067
1 .,45 0 .,065 0 . 255 0 .,47 0 .,015 0 ., 1 2 2
0 ., 6 6 0 ., 089 0 .. 299 0 ., 67 0 ., 029 0 ., 1 70
1 ., 46 0 . 31 9 0 ., 565 0 . 48 0 . 0 0 2 0 ., 046
0 ., 45 0 ,,032 0 ., 1 79 0 ., 62 0 .,013 0 . 115
0 . 90 0 ., 207 0 . 455 0 . 50 0 ., 0 2 0 0 . 140
0 ., 57 0 ., 006 0 ., 076 0 .,32 0 .. 0 2 2 0 ., 1 47
0 ., 40 0 .,015 0 ., 1 2 1 0 ..47 0 . 033 0 . 1 80
0 ., 37 0 ., 030 0 ., 173 0 ..31 0 . 026 0 . 162
0 ., 38 0 ., 0 0 1 0 . 035 0 ., 26 0 ,. 0 0 1 0 . 025
0 . 43 0 ., 007 0 .. 082 0 ,. 34 0 . 006 0 . 078
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! l  ! a i  i i
( 4 ) " C o n t r o l  "
S i t e  13 0 . 28 0 . 000  0.015 0 . 1 0  0 . 0 0 0 0 . 0 1 0
S i t e  14 0 . 1 2 0. 002 0 .045 0.14 0 .000 0.015
Group 0 . 2 0 0. 006  0 . 080 0 . 1 2  0 . 0 0 0 0 . 0 2 0
(a ) The c r i t e r i o n used f o r  c o n s t r u c t i o n  o f  t hese  c l a s s e s
wa s d i s t a n c e  f rom the s o u r c e ,  r e g a r d l e s s  o f  t he  d i r e c t i o n
bet ween t he  s t a c k and g i v e n  s i t e ,  e . g . ,  heavy = 5 I m i l e ;
mod e r a t e  = 1-3 mi l e s ; l i g h t  = 3-5 mi l e s ; c o n t r o l  = >5 m i l e s
The raw da t a wa s a l s o  c o n v e r t e d i n t o  hi  s t o g r a m f orm
and the a p p r o p r i a t e  s t a t i s t i c s  c a l c u l a t ed f rom i t . a s
s ho wn be l ow.
^.'oo Ào . io  OfiO 0M  o.'«) 0.40 \So uho i.W  CfcO ï3o" i.$o i.^ o 'V iT i^ . îo 'î . iû
S e le i^ iu i^  CoMC4*$ff*4^oM ( p p m )
F i g u r e  4 - -  Hi s t ogram f o r  S o i l  Se l en i um a t  Both Sample Depths
: 0 -5 cm. ^ : 15-20 cm.
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TABLE 11
NUMERICAL INTERPRETATION OF FIGURE 4 ( IN PPM)
0-5 cm. ( n= 45) 15-20 cm. ( n = 4 3 )
Ungrouped mean 0 .814 0 . 391
median 0 . 633 0 . 376
mode 0. 604 0 . 446
v a r i a n c e 0. 480 0 . 049
S t andar d  d e v i a t i o n 0 . 693 0 . 2 2 1
S o i l  S u l f u r Data
The r e s u l t s  f r om t he  Leco i n d u c t i o n  f u r n a c e  s u l f u r
a n a l y s e s  a r e  g i v e n  be l ow i n  t he same f orm as f o r  s o i l
s e l e n i u m ;  aga i n , t he raw da t a  can be found i n  Append i x 1 1  .
TABLE 1 2 - - A  summary o f  t he  t o t a l s o i l s u l f u r o bse r ved a t
bo t h sample dep t hs  per s i t e ( i n  ppm)
Sample Depth
R e l a t i v e  I mpac t 0-5 cm. 15-20 cm.
C l a s s i f i c a t i o n X S^ S X S
( 1 ) " Hea vy" X X X X
S i t e  2 1616 217024. 0 465 . 8 253 4688. 9 68 . 5
S i t e  7 333 5 5 5.6 23 . 6 2 0 2 2318. 8 48.  2
S i t e  8 770 18450.0 135. 8 333 2 2 2 2 . 2 47.  1
Group 906 283641.6 532. 6 263 2906.  9 53. 9
(2)  " Mo d e r a t e "
S i t e  1 565 19925. 0 141.2 228 5518.8 74.2
S i t e  3 598 6368. 7 79.8 307 1355.6 36 . 8
S i t e  5 760 29866.7 172. 8 492 19318.8 139. 0
S i t e  9 348 4068 . 8 63 . 8 2 0 0 0 . 0 0 . 0
S i t e  1 2 300 600 . 0 24. 5 307 2422. 4 49.2
Group 514 28705 . 0 169.4 307 10383.0 101. 9
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(3) " L i g h t "
S i t e  4 2 2 0 3800. 0 61 . 6 2 2 0 466. 7 21 . 7
S i t e  6 435 4425 . 0 66.5 345 6825. 0 82. 7
S i t e  10 305 15075.0 1 2 2 . 8 1 25 625 . 0 25 . 0
S i t e  11 1 25 625 . 0 25 . 0 145 1825. 0 42.  7
Group 271 12992.2 114. 0 209 7442.2 8 6 . 3
(4) " C o n t r o l "
S i t e  13 497 1488. 9 38.6 310 13866.7 117. 8
S i t e  14 570 10466.7 102.3 033 193888.9 440. 3
G r o u i 534 1332. 2 36.5 672 130682.2 361 . 5
The raw dat a  was c o n v e r t e d to  h i s t o g r a m f o r m ,  and then
n u m e r i c a l l y  i n t e r p r e t e d  as done f o r  t he s o i l s u l f u r  d a t a ;
the r e s u l t s  a r e  g i v e n be l ow.
MO 2 9 9  M M  lô o  fc Ô Ô 7 « 0  too 4 M  10*0 MO* >10* O o o  i»o o  '100  lOOo i * 0 #  a » # o
SttUwiT o o h t& w V fk h .A  C f f * 4 ^
F i g u r e  5 - -Hi  s t og r am f o r  Soi  1 S u l f u r ,  Both Sample Depths
^ 5 :  0-5  cm. Ï//IA  : 1 5 - 20 cm.
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TABLE 13
NUMERICAL INTERPRETATION OF FIGURE 5 ( IN PPM)
0-5 cm. ( n - 3 7 )  1 5- 20 cm. ( n = 36 )
Ungrouped mean 572 3 3 3
median 416 280
mode 440 258
v a r i a n c e  201293 77910
St anda r d  dev i  a t i o n  449 279
The Spearman r ank  o r d e r  t e s t  was a p p l i e d  t o  the 
c o m b i n a t i o n  o f  s o i l  s u l f u r  and s e l e n i u m da t a  w i t h  observed  
a s s o c i a t i o n  v a l u e s  o f  0 . 998  (p 5  . 001 ,  t  = 92.01 f o r  n =
34) and 0 . 997  (p £  . 0 0 1 ,  t  = 75 . 05 f o r  n = 34) f o r  t he 
upper  and l o we r  sample r e g i o n s ,  r e s p e c t i v e l y .  S i nce  n e i t h e r  
c ausa l  l i n k  nor  p r e d i c t i o n  o f  t he  b e h a v i o r  o f  one s e t  o f  
v a r i â t e s  g i v e n  a knowl edge o f  t he  o t h e r  can be deduced 
f r om a c o r r e l a t i o n  c o e f f i c i e n t  a l o n e ,  r e g r e s s i o n  a n a l y s i s  
was a p p l i e d  t o  t he  above v a r i a b l e s .  One v a r i a b l e  may be 
t he cause ,  a l t h o u g h  no t  n e c e s s a r i l y  t he  so l e  cause o f  t he 
o t h e r ,  o r  cause and e f f e c t  m i g h t  make t he  two h i g h l y  
i n d e p e n d e n t ;  i n  e i t h e r  o f  t hese  c as es ,  t he  c a l c u l a t e d  r ^  
m i g h t  be somewhat  f o r t u i t o u s ,  t hus  r e q u i r i n g  the more 
r e l i a b l e  r e g r e s s i o n  " a c i d  t e s t " .  The l e a s t - s q u a r e s  method 
i s  r i g o r o u s  and d e p e n d a b l e ,  however  t he  approach  i n v o l v e s  
t he  c a l c u l a t i o n  o f  t he  p a r a m e t r i c  p r o d u c t  moment ,  t hus
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t he  l e s s  a c c u r a t e  s e m i - a v e r a g e s  t e c h n i q u e  was a p p l i e d ,  
w i t h  t he  r e s u l t s  be i ng  g i v e n  i n  Tab l e  14 bel ow.
TABLE 1 4 - - R e g r e s s i o n  p l o t  by s e mi - a v e r a g e s  f o r  s o i l  
s u l f u r  vs.  s o i l  s e l e n i u m ( a ) ,  i n  ppm
0-5 cm. 15-20 cm.
( 572 ,  . 814 )  (333,  . 391)
B ( 346 ,  . 467 )  (267,  . 230)
C ( 906,  1 . 50 1 )  ( 1060,  . 548)
(a)  where A = ( S , S e ) ,  / n < S , ZS e ^ / n < S^ } ,  C=( ZS. / n>S,
ZSe^ / n>Se ) .
S o i l  pH Data
M.L.  Jackson has s t a t e d  t h a t  t he  observed  pH o f  a 
s o i l  sample t aken  a t  f i e l d  ( m o i s t u r e )  c a p a c i t y  i s  p r o b a b l y  
t he  most  v a l i d  i n  t erms o f  t he  e x i s t i n g  b i o l o g i c a l  e n v i r o n  
ment ;  however ,  c e r t a i n  s o i l  r e a c t i o n s  are  has t ened by 
d r y i n g ,  t hus  a l l o w i n g  t he  s o i l  ( s ) t o  come more nea' r 1 y to 
chemi ca l  e q u i l i b r i u m  ( 1 5 4 ) .  A l s o ,  d i l u t i o n  i n c r e a s e s  
the obse r ved  pH, r e g a r d l e s s  o f  t he s a m p l e ' s  o r i g i n a l  
a c i d i t y  o r  a l k a l i n i t y .  Over  t he  range f rom the " s t i c k y  
p o i n t "  t o a s o i l ' . w a t e r  r a t i o  o f  1 to 5, " t h e  change may 
be as much as one pH u n i t "  ( 1 5 5 ) .  In o r d e r  t o  t e s t  t h i s  
s t a t e m e n t ,  an a r b i t r a r y  s o i l  sample was chosen and t r e a t e d  
us i n g  t he  above soi  1 : w a t e r  r ange o f  r a t i o s  ; t he r e s u l t s  
a r e  l i s t e d  be l ow.
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TABLE 15
EFFECT OF THE WATER:SOIL RATIO ON THE OBSERVED PH (T=23°C)
pH Observed
S o i l  : Water  R a t i o  ( g m: m1 ) 1 : 1 1 : 2 1 : 3 1 : 4 1 : 5
Sample No. ( 1 )  6 . 4  7.1 7.7 7 .9  7.9
Sample No. ( 2 )  6 . 5  7.1 7.7 8 . 0  8 . 0
Mi chae l  Peech has no ted  t h a t  s o i l  pH measured us i ng  0.01 M 
CaC1 2  as s o l v e n t  i s  a p p r o x i m a t e l y  i n d e p e n d e n t  o f  d i l u t i o n  
ov e r  a wi de  range o f  s o i l  : s o l u t i  on r a t i o s .  He a l s o  
obse r ved  t h a t  t he  pH o f  a 1 :2  (w/w)  s o i l : s o l u t i o n  s l u r r y  
i s  abou t  0 . 5  pH u n i t  l o we r  t han when wa t e r  was the s o l v e n t  
( 1 5 6 ) .  The r a t i o s  g i v e n  i n  Tab l e  15 were r e p e a t e d  us i ng  
t he  above c a l c i u m  c h l o r i d e  s o l u t i o n ,  w i t h  t he  r e s u l t s  
g i v e n  be l ow.
TABLE 16
EFFECT OF 0.01 M CaCl .  SOLUTION ON THE OBSERVED PH (T=21°C)
pH Observed
S o i l  : Wa t e r  R a t i o  ( gm: m l ) 1 :1 1 : 2 1 : 3 1 : 4 1 : 5
Sample No. ( 1 )  6 . 7  6 . 5  7 . 0  7.2 7.25
Sample No. ( 2 )  6 . 7  6 . 5  7.1 7.2 7.3
p
A l t h o u g h  the 1 0  M CaC1 g s o l u t i o n  would moderate  e r r o r s  
due t o  t he  j u n c t i o n  p o t e n t i a l  e f f e c t ,  i t  would a l s o  mask 
t he i n t e r s i t e  v a r i a b i l i t y  i n  s o i l  s a l t  c o n t e n t ,  t hus
8 2
b u f f e r i n g  i n t e r s i t e  pH d i f f e r e n c e s .  Ca l c i um c h l o r i d e  
wou l d  mask d i f f e r e n c e s  i n  s o l u b l e  s a l t  c o n t e n t  i n t he
soi I s  ( t h a t  m i g h t o c c u r  w i t h t i me per s i t e or  between
s i t e s )  wh i ch  i s  one o f t he  i n t e r e s t s o f  t he s t u d y .  Thus
a s recommended i n S. E. A l l e n (155)  a s o i l  : wa t e r  r a t i o o f
a p p r o x i m a t e l y 1 : 2 by volume was empl oyed. The r e s u l t s
are found  i n  Tab l e  17 be l ow.
TABLE 17
SOIL PH AT BOTH SAMPLE DEPTHS PER SITE
Sample Depth
R e l a t i v e  I mpac t 0-5 cm 15-20 cm.
C l a s s i  f i c a t i o n  
( 1 ) " Heavy" < ! x ! x
S i t e  2 7.1 . 02 .14 8 . 2 . 0 2 1 2
S i t e  7 6 . 8 . 1 1 .33 7.4 .11 33
S i t e  8 6 . 8 .23 .48 8 . 1 . 0 1 1 0
Group 6 . 9 . 0 2 . 14 7.9 .13 36
( 2 ) " M o d e r a t e "
S i t e  1 7 .4 . 04 .19 7.6 . 0 2 1 2
S i t e  3 7 .8 . 03 . 1 7 8 . 1 . 0 2 1 2
S i t e  5 8 . 1 . 0 1 . 1 0 8 . 4 . 03 1 7
S i t e  9 7.2 .06 .25 7.7 . 0 8 29
S i t e  12 7.2 . 0 1 . 1 0 8 . 1 0 . 1 1 0
Group 7.5 .13 . 36 8 . 0 . 0 8 29
(3) " L i g h t "  
S i t e  4 7 . 9 . 0 1 . 0 8 8 . 2 . 0 2 1 2
S i t e  6 8 . 1 . 0 1 . 08 8 . 3 . 0 1 1 0
S i t e  1 0 7 . 6 . 0 1 . 1 0 8 . 0 . 0 0 0 0
S i t e  1 1 7.4 .43 .65 7.0 1 . 2 2  1 . 1 0
Group 7.8 . 07 .27 7.9 . 27 52
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TABLE 17 ( c o n t . ) X ! x SX
(4) " C o n t r o l "
S i t e  13 7 . 5 . 0 0 . 0 0 6 . 6  .04 . 2 0
S i t e  14 8 . 2 . 0 1 . 1 0 8 . 5  .04 . 2 0
Group 7 . 9 . 1 2 . 35 7.6  .90 .95
The c o mp l e t e se t 0 f  raw data  can be f ound i n Append
1 1  . The da t a  was a l s o c o n v e r t e d to hi  s t ogram f orm w i t h
the accompany i ng c a l c u l a t i o n o f sample s t a t i s t i c s whi ch
y i e l d e d  t he  r e s u l t s  g i v e n  be l ow.
i5
S.oo
F i g u r e  6 - - H i s t o g r a m  f o r  S o i l  pH, Both Sample Depths 
=  : 0 - 5  cm. sample d e p t h ,  : 15-20 cm. sample dep t h
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TABLE 18
NUMERICAL INTERPRETATION OF FIGURE 6  ( IN PH UNITS)
0-5 cm. ( n = 37 ) 1 5- 20 cm. ( n = 36 )
Ungrouped mean 7 .50 7.91
med i an 7 . 49  8.1 3
mode 8 . 06  8 .24
v a r i a n c e  0 . 28  0 . 3 5
St anda r d  d e v i a t i o n  0 . 53  0.59
Rank o r d e r  c o r r e l a t i o n s  ( r ^ ) between s o i l  s u l f u r  
and s o i l  s e l e n i u m  w i t h  pH showed s i g n i f i c a n t  a s s o c i a t i o n s  
f o r  both  e l e m e n t s ,  e s p e c i a l l y  a t  t he l owe r  sample dep t h  
as shown i n  t he f o l l o w i n g  t a b l e .
TABLE 19
ASSOCIATION ( r  ) OF SOIL SULFUR AND SELENIUM WITH SOIL 
El ement  0-5  cm. 15-20 cm.
S u l f u r  . 996 ( 64 . 93  ) .991 (41 .92 )
Se l en i um .994 ( 7 5 . 0 5 )  .991 ( 4 3 . 0 7 )
(a)  a t  p £  . 0 0 1  f o r  n = 36;  t - v a l u e s  g i ven  i n  p a r e n t h e s i s  
f o l 1 owi  ng r ^ .
Assuming pH t o  be t he dependen t  v a r i a b l e  i n r e l a t i o n  t o  s o i l  
s u l f u r  c o n c e n t r a t i o n ,  r e g r e s s i o n  v a l u e s  o f  0 .00170 and 
0 . 00410  f o r  t he upper  and l o w e r  sample dep t hs  were comp l e t ed  
(see b e l o w ) .  A p p a r e n t l y ,  a c l o s e r  r e l a t i o n s h i p  e x i s t s
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between t he  g i v e n  e l emen t  and pH i n  t he  l o we r  s o i l  r e g i o n  
as shown i n  t he  f o l l o w i n g  r e g r e s s i o n  t a b l e .
TABLE 2 0 - - Summa r i  zed r e g r e s s i o n  (as M/\gc) f  o r s o i l  s u l f u r  
and s e l e n i u m  w i t h  s o i l  pH f o r  a l l  s i t e s ( ^ )
El ement  0-5 cm. 15-20 cm.
S u l f u r  . 00170 .00410
Se l en i um 1.18837 .35043
(a)  c a l c u l a t e d  by t he  3 - p o i n t  method as i n  Tab l e  14
F l o r a l  Se l en i um Data 
The p l a n t  m a t e r i a l  was s e l e c t e d ,  p r epa r ed  and ana l y z e d
as d e s c r i b e d  i n  Cha p t e r  I V ,  w i t h  t he  raw dat a  g i v e n  i n  the
second s e c t i o n  o f  Append i x  I I .  A l t h o u g h  d i f f e r e n t  sp e c i e s  
were c o l l e c t e d / s a m p l e  s i t e  and between d i f f e r e n t  c o l l e c t i o n  
t i m e s / s i t e ,  i t  was o f  i n t e r e s t  t o  p r e s e n t  t he data  i n  a way 
t h a t  o v e r a l l  s e l e n i u m a c c u m u l a t i o n / s i t e  w i t h  t i me  c o u l d  be 
c o n s i d e r e d .  Th i s  d e c i s i o n  was based upon t he  data  g i v en  
i n  Tab l e  21 on t he  n e x t  p a g e .
The p l a n t  da ta  can a l s o  be c o n s i d e r e d  i n t erms o f
si  t e - s m e l t e r  d i s t a n c e s  (as done f o r  t h e  s o i l  d a t a )  whi ch 
produced Tab l e  22 on page 87.
A f r e q u e n c y  t a b l e  d i s t r i b u t i o n  was c o n s t r u c t e d  f rom 
t he raw d a t a ,  t hen  c o n v e r t e d  i n t o  a h i s t o g r a m ;  t he a p p r o ­
p r i a t e  s t a t i s t i c s  were a l s o  c a l c u l a t e d .  Th i s  l a t t e r  
n u m e r i c a l  i n f o r m a t i o n  was compared t o  t he o b s e r v a t i o n s
TABLE 21
SUMMARY OF PLANT SELENIUM DATA IN TERMS OF VARIANCE WITH TIME ( IN PPM)
P o l l u t i o n  I mpac t C o l l e c t i o n  Set Number
C a t e g o r y ( 1 ) ( 2 ) (3)
( 1  ) "Heavy" X ! x _x ! x
S i t e  2 0 . 6 8 0 . 0 0 2 0 . 040 0. 56 0 . 0 0 1 0. 030 1 . 03 0 . 0 0 1 0 .099
S i t e  7 0 . 24 0 . 019 0. 140 0 . 28 0.007 0. 085 0 . 30 0. 004 0. 065
S i t e  8 0 . 52 0. 027 0. 164 1.19 0. 023 0.152 1 . 08 0 . 006 0. 075
( 2 ) " Moder a t e "
S i t e  1 0 . 25 0. 009 0. 095 0. 24 0.015 0. 123 0.43 0 . 0 1  2 0. 109
S i t e  3 0 . 60 0 . 0 2 0 0 . 140 0 . 74 0.042 0. 205 0.94 0. 032 0 . 180
S i t e  5 0.1 7 0. 004 0.059 0 . 2 0 0. 007 0. 085 0.19 0. 005 0.070
S i t e  9 0 . 25 0. 013 0. 113 0 . 2 2 0 . 0 1 1 0. 107 0 . 36 0 .007 0. 085
S i t e  12 - - no d a t a -------- 0 . 2 2 0 . 0 1 1 0. 107 0.36 0. 007 0. 085
(3) " L i g h t "
S i t e  4 0 . 2 0 0. 004 0 . 066 0 . 39 0. 013 0. 115 0.18 0 .005 0. 070
S i t e  5 0. 34 0.055 0. 234 0 . 30 0.19 0. 1 38 0.26 0. 013 0.116
S i t e  1 0 - - no d a t a -------- 0 . 2 2 0. 004 0. 065 0 . 08 0 . 0 0 0 0. 005
S i t e  1 1 — no d a t a -------- 0 . 19 0 . 0 0 1 0. 025 0.41 0 .019 0.139
(4) " C o n t r o l  "
S i t e  13 - - no d a t a -------- 0 . 1 0 0.003 0. 055 0.25 0 .005 0. 072
S i t e  14 — no d a t a -------- 0 . 08 0 . 0 0 1 0 . 028 0. 34 0 . 018 0. 135
oo
en
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TABLE 22
PLANT SELENIUM DATA GROUPED BY POLLUTION CATEGORIES ( IN PPM)
: i  &
( 1 ) " Heavy"
Si  t e  2 0 . 76  0 . 040  0.1 99
S i t e  7 0 . 2 7  0.001 0 . 025
Si  t e  8  0 . 90  0 . 079  0 . 282
Group 0 . 64  0 . 073  0 . 270
( 2 ) " Modéra t e "
S i t e  1 0.31 0 .008  0 .087
S i t e  3 0 . 76  0 .019 0 . 138
Si  t e  5 0.1 9 0 . 000  0.01 2
Si  t e  9 0 . 36  0 . 025 0 . 1  58
S i t e  1 2  0 . 29  0 . 005  0 . 070
Group 0 . 3 8  0 .039  0 .197
(3)  " L i g h t "
Si t e  4 0 . 26  0 . 009  0 . 095
S i t e  6  0 . 30  0.001 0 .033
Si t e  1 0 0.1 5 0 . 005  0 . 070
S i t e  11 0 . 30  0 . 012  0 . 110
Group 0 . 25  0 . 004  0.061
(4)  " C o n t r o l "
S i t e  13 0 . 18  0 . 006  0.075
S i t e  14 0.21 0 .017 0 . 130
Group 0 . 20  0 . 0 0 0  0 .015
c i t e d  i n  J .  Kubota e_t aj^. ( see Tab l e  5) i n  an a t t e m p t  t o  
e s t i m a t e  t he  i n f l u e n c e  o f  t he  s m e l t e r ' s  s e l e n i u m e m i s s i o n s  
on t he  g e n e r a l  f l o r a ' s  s e l e n i u m  c o n t e n t .
8 8
0 .0  .10 .XO 30 -50 .WO !%0 > 0  LOO i.iO k ü  L$# |.i$o
fftltniWM Cppr#)
F i g u r e  / - - H i s t o g r a m  o f  P l a n t  Se l en i um Con t en t
group mean (ppm)
median (ppm)
mode (ppm)
v a r i a n c e
s t a n d a r d
d e v i a t i o n  (ppm)
skew i n de x
c o n e . r ange  (95% 
c . i . ) ,  ab o u t  p.
St udy  Data 
0. 402 
0 . 266  
0 . 178 
1 .495
1 . 223 
+0 . 336
f  F i g u r e 7. In com
om "Adequ a t e "  and
r e g i o n s
r i  ab l e Adequate
Data Data
.216 0 . 443
1.09 0. 26
0 . 162
0 . 288 
1 .31
0 . 168
0 . 1 1 0  
4.91 (?)
0 . 1 4 8 - 0 . 6 5 6  0 . 1 8 0 - 0 . 2 5 1  0 . 4 2 8 - 0 . 4 5 9
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C o r r e l a t i o n s  between t o t a l  f l o r a  s e l e n i u m c o n t e n t  
and t he  s o i l  p a r a me t e r s  a t  bo t h  dep t hs  were a l l  ve r y  
s i g n i f i c a n t ,  t hus  i m p l y i n g  t he  r e a s o n a b l y  low chance o f  
mak ing e i t h e r  t y p e  I o r  I I  e r r o r s  i n  i n t e r p r e t i n g  the 
n u l l  h y p o t h e s i s  ( g i v e n  i n  Chap t e r  I V ) .  The c a l c u l a t e d  
r e s u l t s  a r e  g i v e n  i n t he  f o l l o w i n g  t a b l e .
TABLE 2 4 - - C o r r e l a t i o n s  between f l o r a l  se l e n i u m c o n t e n t  
and t he  s o i l  p a r a me t e r s
A s s o c i a t i o n  Type 0-5 cm. 15-20 cm.
P l a n t  Se vs .  S o i l  Se 0 . 9998  ( 3 3 6 . 5 8 )  0 . 9972 ( 7 4 . 8 2 )
P l a n t  Se vs .  S o i l  S 0 . 996  ( 9 2 . 0 1 )  0 . 994 ( 7 5 . 0 5 )
P l a n t  Se vs .  S o i l  pH 0 . 995  ( 5 8 . 0 2 )  0 . 993  ( 5 0 . 7 8 )
(a)  A l l  c o r r e l a t i o n s  s i g n i f i c a n t  a t  p £  . 001 ,  t - t e s t  
v a l u e s  g i v e n  i n  p a r e n t h e s e s ;  34 degrees  o f  f r eedom.
Re g r e s s i o n  a n a l y s i s  was p e r f o r me d  between t he  s o i l  para 
me t e r s  and f l o r a  s e l e n i u m  c o n t e n t  u s i n g  t he  method o f  
s e m i - a v e r a g e s  (as done f o r  t he  s o i l  p a r a m e t e r s ) .  The 
r e s u l t s  a r e  g i v e n  be l ow.
TABLE 2 5 - - R e g r e s s i o n  between p l a n t  s e l e n i u m c o n t e n t  and 
t he s o i l  p a r a me t e r s
A s s o c i a t i o n  Type 0-5 cm. 15-20 cm
P l a n t  Se vs .  S o i l  Se 0 . 5076 1.6133
P l a n t  Se vs .  S o i l  S 0 . 0009  0.0014
P l a n t  Se vs .  S o i l  pH 0 . 5828 0 . 6009
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F l o r a l  S u l f u r  and F l u o r i n e  Data
In an a t t e m p t  t o  d e t e r m i n e  t he  d i s t r i b u t i o n  p a t t e r n  
o f  s e l e n i u m  e m i s s i o n s  f r om t he i n d u s t r i a l  s i t e ,  a b r i e f  
s e r i e s  o f  s u l f u r  and f l u o r i n e  a n a l y s e s  were made on a 
number o f  p l a n t  samples t aken  f rom v a r i o u s  c o l l e c t i o n  
s i t e s .  The r e s u l t s  f o r  t he s u l f u r  and f l u o r i n e  a n a l y s e s  
are  g i v e n  i n  Tab l es  26 and 27 r e s p e c t i v e l y .
TABLE 2 6 - - S u l f u r  c o n t e n t  i n  c o n i f e r  need l es  ( Oc t o b e r  
c o l l e c t i o n  s e t ,  1976 n e e d l e s )
Sample No. S u l f u r  c o n t e n t  ( i n  ppm)
3 - 1 3a 1000
3-2b 1260
3-4c  1150
Because f l u o r i n e  a c c u mu l a t e s  i n  p l a n t  m a t e r i a l  t o  a 
g r e a t e r  degree t han does s u l f u r ,  a s e r i e s  o f  f l u o r i n e  
a n a l y s e s  were made,  w i t h  t he r e s u l t s  g i v e n  be l ow.
I f  t he  a v a i l a b l e  C o l s t r i p  ( i . e .  " c o n t r o l " )  da t a  i s  
compared t o  t h a t  o b t a i n e d  in t he  East  Helena area u s i n g  
t he  c r i t e r i o n  t h a t  9 5% o f  t he  f l u o r i d e  v a l u e s  w i l l  f a l l  
w i t h i n  t he  range o f  t he  mean + t he  s t a n d a r d  e r r o r  ( 6 / / N )  
t i mes  t he  p e r t i n e n t  c r i t i c a l  v a l u e  o f  s t u d e n t ' s  t - d i s t r i -  
b u t i o n ,  ( a t  p = 0 . 0 5 )  t he  f o l l o w i n g  r e s u l t s  a re  c a l c u l a t e d .
TABLE 27
FLUORIDE RESULTS BY SPECIES ( IN PPM)
Spec i es
G u t i e r r e z  l a  s a r o t h r a e
sample no.  3-1 l a  3-4a 3-6a 3-5b 3 - 12b l - 8 b 3 - 8 b
P. cone.  2 . 60  2 . 00  1 . 20  2 . 0 0  2 . 80  7 . 20  11 . 60
gr oup  summary: 4 . 2 0  + 3 . 52
Chr yso thamnus  nauseosus
sample no.  3-1 l b  3 - 1 4a 3- 4b  l - 4 c  3-6b 1-1 a 3 - l a  3-5a l - 5 c  3 - 12a
F. conc .  3 . 92  18 . 06  6 . 0 0  5 . 84  3 . 96  13 . 99  5 .92 3 . 90  0 . 14  6 .22
gr oup summary: 4 . 1 0  + 1 . 14
Ag r o p y r o n  c r i s t a t u m
sample no.  2 -3a 2-5a 2-7a
F . c o n c . 2 . 3 0  0 . 6 0  3 . 00
g r oup  summary : 1 . 97  + 1 .16
Bromus t e c t o r u m
sampl e no.  2-1 Ob 2-1 a
F. conc .  3 . 20  2 . 00
g r oup  summary : 2 . 60
B r a s s i c a  a r v en s  i s
sample no.  2 - l b  2 - 8 a
F . c o n c . 7 . 7  6 . 8
gr oup  summary: 7 . 25  ^
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TABLE 2 8 - - Co mp a r i  son o f  Col  s t r i p  f l u o r i d e  v a l u e s  to t hose  
obse r ved  i n  t he  East  Helena area ( i n  ppm)
Spec i es
( 1)  G u t , s a r o t h r a e
E. Helena Area 
Col  St  r i p  Area
( 2 ) C h r y s . nauseosus
E. Helena Area 
Col s t r i p  Area
(3)  A q r o p . s p i c a t u m
E. Helena Area 
Col s t r i p  Area
C o n c e n t r a t i o n s  
1 ow mean h i gh
1.05 4 . 20  7 .35
2 .12 3 . 23  4 . 34
3 . 28  6 . 80  10.32
2, 07  2 . 78  3 . 49
2 . 79  4 . 10  5.41
1 . 40  2 . 02  2 . 64
F l u o r i d e  s t a t i s t i c a l  a n a l y s i s  was a p p l i e d  to t h o s e  p l a n t  
s p e c i e s  ha v i n g  sample s i z e s  ^10 (see Tab l e  28 above)  and 
t he  n u l l  h y p o t h e s i s  s t a t e d  t h a t  no s i g n i f i c a n t  d i f f e r e n c e  
(+ 3 s t a n d a r d  e r r o r s  o f  t he  above me a n ( s ) )  e x i s t e d  between 
t he  E. Helena and Col  s t r i p  F . c o n c e n t r a t i o n s .  T h i s  H^ was 
t e s t e d  by c a l c u l a t i n g  t he  s t a n d a r d  e r r o r  o f  t he  d i f f e r e n c e  
between them.  The r e s u l t s  are  g i v e n  i n  Tab l e  29 be l ow.
TABLE 2 9 - - A  co mp a r i s o n  o f  Col  s t r i p  and East  Helena f l u o r i n e  
mean c o n c e n t r a t i o n s  ( i n  ppm) f o r  the g i v e n  s p e c i e s
Spec i es  
G u t i e r r e z i a s a r o t h r a e  
Chr yso thamnus  nauseosus 
A g r o p y r o n  s p i c a t u m
DD i f f e r e n c e  i n  Means + 30 
0 . 970  0.791
4 . 0 20  0.801
2 . 0 8 0  0 . 5 2 5
CHAPTER VI 
DISCUSSION
An a l y t i c a l  Methods 
In s e a r c h i n g  t he l i t e r a t u r e ,  t he  c r i t e r i a  used i n  
c h o o s i n g  t he  method f o r  a g i v e n  a n a l y t e  were s i m p l i c i t y ,  
a c c u r a c y ,  s e n s i t i v i t y  and f reedom f rom i o n i c  i n t e r f e r e n c e s .  
Due t o  t he  l ow amount  o f  s e l e n i u m  e x p ec t e d  i n  t he  s o i l  and 
p l a n t  samp l es ,  t he  c l a s s i c  d i s t i l l a t i o n  as t h e  b r omi de  
s a l t ,  f o l l o w e d  by t i t r a t i o n  a g a i n s t  s t a n d a r d i z e d  t h i o s u l f a t e  
i on  (157)  was r e j e c t e d .  F l u o r e s c e n c e  s p e c t r o m e t r y  u t i l i z i n g  
e i t h e r  3 , 3 ' - d i a m i  n o b e n z i d i n e  ( 158)  o r  2 , 3 - d i a m i n o n a p t h a l e n e  
( 106 ,  107)  was a l s o  e l i m i n a t e d  due to bo th  p r ob l ems  i n  
sampl e p r e p a r a t i o n  and c a r c i n o g e n i c  p r o p e r t i e s  o f  t hese  
r e a g e n t s .  C o n v e n t i o n a l  f l a me  a t o m i c  a b s o r p t i o n  s p e c t r o s ­
copy ( e . g . ,  a i r - a c e t y l e n e  [ 1 5 9 ]  o r  a i r - h y d r o g e n  [ 1 6 0 ] )  was 
b e l i e v e d  t o  be i n s e n s i t i v e  t o  t he  s e l e n i u m  l e v e l s  p r e s e n t ,  
a l t h o u g h  f u t u r e  work  m i g h t  a p p l y  an o r g a n i c  e x t r a c t i o n  
s ys t em,  e . g . ,  APDC-MIBK,  t o  overcome t h i s  d i f f i c u l t y .  An 
i n t e r e s t i n g  f l a m e ! e s s  method s e n s i t i v e  t o  1 pg / 1  w i t h o u t  
sample p r e c o n c e n t r a t i o n  was g i v en  by E. Henn ( 1 6 1 ) ;  how­
e v e r ,  t h e  r e q u i r e d  e l e c t r o d e ! e s s  d i s c h a r g e  lamp i s  u n a v a i l ­
a b l e  a t  t h i s  i n s t i t u t i o n .  The i n i t i a l  s t age  o f  t h i s  s t u d y  
(see Ap pend i x  I I I )  u t i l i z e d  a c a t a l y t i c  method ( v i a  t he
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c a t a l y s i s  o f  t he  r a t e  o f  me t h y l e n e  b l ue  r e d u c t i o n  by 
s e l e n i u m  i n  a l k a l i n e  Na^S s o l u t i o n )  deve l oped  by P. West 
and T. Rama K r i s h n a  ( 1 6 2 ) .  L a t e r ,  a t omi c  a b s o r p t i o n  v i a  
H2 $e g e n e r a t i o n  was chosen because o f  i t s  0 . 0 1  mg/ 1  
d e t e c t i o n  s e n s i t i v i t y  i n  t he  p r esence  o f  an oxyhyd r ogen  
f l a me  sys tem ( 1 6 3 ) .  A s i m i l a r  method i s  used by t he  
Montana DHES, He l ena ,  t hus  i n s u r i n g  c ompar i son  o f  t hese  
o r  any f u t u r e  r e s u l t s  w i t h  any e x i s t i n g  s t u d i e s  f rom 
t h e i  r  d e p a r t m e n t .
The a t o m i c  a b s o r p t i o n - h y d r o g e n  s e l e n i d e  gas g e n e r a t i o n  
t e c h n i q u e  was a much p r e f e r r e d  method o f  a n a l y z i n g  l ow 
l e v e l s  ( < 1  ppm) o f  s e l e n i u m  i n  p l a n t  o r  s o i l  m a t e r i a l .
The c o n s t r u c t i o n  o f  t he  a p p a r a t u s  was such t h a t  o n l y  t he  
HgSe f r om the a n a l y t e  s o l u t i o n  r eached t he  oxygen f l ame  
( b u r n i n g  i n  a hyd r ogen  a t mo s p h e r e )  t hus  l a r g e l y  e l i m i n a t i n g  
i o n i c  i n t e r f e r e n c e s  w i t h i n  t he  ex p ec t ed  c o n c e n t r a t i o n  
r anges  f o r  c a t i o n s  p l u s  s e l e n i u m  in t h e s e  sampl es .  Th i s  
a n a l y t i c  approach  was q u i c k  and s e n s i t i v e  bu t  s u f f e r e d  
f r om t he  f o l l o w i n g  d e f e c t s  o r  l i m i t a t i o n s ,  l i s t e d  i n o r d e r  
o f  d e c r e a s i n g  i m p o r t a n c e :  ( a )  t he  l ow e mi s s i o n  i n t e n s i t y  
o f  t he  h o l l o w  c a t h o d e  s e l e n i u m  lamp c o u p l e d  w i t h  t he  
n e c e s s a r y  g a i n  a d j u s t m e n t  t o  compensat e f o r  t he m o l e c u l a r  
a b s o r p t i o n  w i t h i n  t he  f l a m e ,  wh i ch  p r oduced low s i g n a l  to 
n o i s e  r a t i o s  f o r  s e l e n i u m  l e v e l s  much l o we r  t han 0 . 05  pg 
( w i t h  c o n s e q u e n t  e r r o r  e s t i m a t e d  t o  have been + 1 0 'u o f  
t he  t r u e  v a l u e ) .  Background c o r r e c t i o n  d i a  d e u t e r i u m  arc
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o r  h y d r o g e n - f i 1 1 ed n i c k e l  h o l l o w  ca t hode  lamp (164)  was 
n o t  empl oyed s i n c e  t he  s p e c t r o p h o t o m e t e r  used had s i n g l e ­
pa t h  beam d e s i g n ;  t h u s ,  t he  c o r r e c t i o n s  f o r  n o n - a n a l y t e  
a b so r bance  were made v i a  t he  ga i n  a d j u s t ,  (b)  because o f  
t he  f a c t o r s  c o n s i d e r e d  i n  ( a ) ,  t he  gas r a t i o s  had t o be 
p r e c i s e l y  a d j u s t e d ,  i n  t e rms o f  t h e i r  r e s p e c t i v e  f l o w  
r a t e s ,  as g i v e n  i n  Cha p t e r  IV.  F l u c t u a t i o n s  i n  gas f l o w  
r a t e s  appeared  to c o n t r i b u t e  s i g n i f i c a n t l y  to s i g n a l  f l u x  
and was o f t e n  a p r ob l e m i n  t he  d e t e r m i n a t i o n  o f  peak h e i g h t  
f o r  samples t h a t  c o n t a i n e d  0 . 0 0 1 - . 0 0 5  mg/ml .  o f  s e l e n i u m ,  
( c )  t he amount  o f  n i t r i c  a c i d ,  and p o s s i b l e  HCIO^,  p r e s e n t  
i n  t he  a l i q u o t  o f  a n a l y t e  must  be r e g u l a t e d  so as to a v o i d  
s i g n a l  b r o a d e n i n g ,  wh i ch  would  appear  t o  l o w e r  t he amount  
o f  s e l e n i u m  a c t u a l l y  p r e s e n t  i n  t he  sampl e .  In f u t u r e ,  
more d e f i n i t i v e ,  work  i t  i s  hoped t h a t  t he  i n s t r u m e n t  
e l e c t r o n i c s  can i n s l u d e  bo t h  an e l e c t r o d e l e s s  d i s c h a r g e  
lamp (EDL) wh i ch  wou l d  a l l o w  h i g h e r  s i g n a l  t o  n o i s e  r a t i o s  
because o f  i t s  g r e a t e r  e m i s s i o n  i n t e n s i t y  ( v s .  h o l l o w  
ca t h o de  l amps)  and a r e l i a b l e  s i g n a l  i n t e g r a t o r  f o r  more 
a c c u r a t e  d e t e r m i n a t i o n  o f  sample s e l e n i u m c o n t e n t .
The r e l a t i o n s h i p  between abso r bance  and s e l e n i u m 
c o n c e n t r a t i o n  was f a i r l y  l i n e a r  w i t h i n  t he  0 . 0 1  t o  1 . 0 0  
ppm range as shown i n  F i g u r e  3,  w i t h  a p o s s i b l e  s a t u r a t i o n  
e f f e c t  obse r ve d  f o r  s e l e n i u m l e v e l s  much above 1 ppm. Th i s  
phenomenon ex t e n ded  a t  l e a s t  t o  50 ppm s e l e n i u m ,  wh i ch  
had an o p t i c a l  d e n s i t y  v a l u e  o f  0 . 0 8 2 .  The cause rema i ns
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u n c e r t a i n  bu t  m i g h t  be due t o  e i t h e r  an i n c o m p l e t e  c o n ­
v e r s i o n  o f  t h e  a l i q u o t ' s  s e l e n i u m  t o  a v o l a t i l e  f o r m ,  
o r  t o  an e v o l u t i o n  o f  gas t h a t  was t oo  r a p i d  t o  be com­
p l e t e l y  d e t e c t e d  o r  r e c o r d e d  b e f o r e  l e a v i n g  t he  sys tem.
D. Si emer  and L.  Hagemann noted l i n e a r i t y  o f  abso r bance  
between v a l u e s  o f  0 . 05  and 0 . 6 ;  because o f  d i f f e r e n c e s  
between t h e i r  i n s t r u m e n t  (and consequen t  s e t t i n g s )  and 
t he  one used i n t he  p r e s e n t  s t u d y ,  i t  was d e c i d ed  t o  check 
t he  c a l i b r a t i o n  a g a i n s t  a sample w i t h  known s e l e n i u m 
c o n t e n t .  Thus 2 , 1 . 0000 + 0.1 mg samples o f  N . B . S. 1571 
o r c h a r d  l e a v e s  were p r eashed by t he  magnesium n i t r a t e  
method p r e s c r i b e d  by t he  a u t h o r s  w h i l e  2  more were d i g e s t e d  
as d e s c r i b e d  i n Ch a p t e r  IV.  The f o r m e r  app r oach  was t e d i o u s ,  
and had t he  t e n d e nc y  t o  f r o t h  o v e r  ( i . e . ,  sample l o s s )  i n  
t h e  p r eash  s t age  u n l e s s  t he  h e a t i n g  r a t e  was c a r e f u l l y  
r e g u l a t e d ;  i n  t he  samples ashed i n  t he  m u f f l e  f u r n a c e ,  a 
n o x i o u s  amount  o f  n i t r o g e n  o x i d e s  was r e l e a s e d ,  p o s s i b l y  
due t o  i n c o m p l e t e  p r e a s h i n g .  In f u t u r e  work t he  l a t t e r  
method i s  recommended due to i t s  speed and near  q u a n t i t a ­
t i v e  r e c o v e r y  (>95%) .
P r e l i m i n a r y  a t t e m p t s  a t  m o n i t o r i n g  " b i o l o g i c a l l y -  
a v a i l a b l e "  s u l f u r  f r om hot  w a t e r  s o i l  e x t r a c t s  u s i n g  a 
t u r b i d i m e t r i c  method ( 165)  p r oduced  u n s a t i s f a c t o r y  r e s u l t s .  
The i n h e r e n t  p r o b l e m,  d i s c u s s e d  i n  Append i x  I I I ,  would have 
c a r r i e d  o v e r  t o  t h e  chosen method o f  p l a n t  a n a l y s i s  ( 1 6 6 ) ;
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t h u s  t he  n o t i o n  o f  t o t a l  s u l f u r  a n a l y s i s  was c o n s i d e r e d ,  
where such r e s u l t s  c o u l d  be j u s t i f i a b l y  compared to t he 
o bs e r v e d  t o t a l  s e l e n i u m p a t t e r n  around the s m e l t e r  s i t e .  
The Leco i n d u c t i o n  f u r n a c e  t e c h n i q u e  was r a p i d  bu t  
possessed n e i t h e r  h i gh  a c c u r a c y  nor  p r e c i s i o n  ( e . g . , a 
v a l u e  ( n )  vs .  t he  t r u e  v a l u e  (n)  + 75 ppm).  A p p a r e n t l y ,  
t he  p r ob l e m was due t o  u n o x i d i z e d  m a t e r i a l  i n t he  sample 
gas s t r eam b e i ng  t aken  up i n  t he  HCl - KI O^  s o l u t i o n ,  wh i ch  
c o n s e q u e n t l y  ac t ed  as e i t h e r  a r e d u c t a n t  o r  masked t he  
s t a r c h - i o d i n e  e n d p o i n t  i n  t he  back t i t r a t i o n  ( 1 6 7 ) .
S o i l  Se l en i um
Tab l e  10 r e v e a l s  a g e n e r a l  t r e n d  t owar ds  d e c r e a s i n g  
s u r f a c e  s e l e n i u m  c o n c e n t r a t i o n s  w i t h i n  t he  upper  5 cm. o f  
s o i l  w i t h  i n c r e a s i n g  d i s t a n c e  f r om t he s t a c k ;  a p p a r e n t l y ,  
o n l y  a sma l l  amount  o f  t h i s  e l emen t  p e r c o l a t e s  downward 
t h r o u g h  t h e  s o i l  p r o f i l e  even a t  h e a v i l y  p o l l u t e d  s i t e s .  
For  t he  s t u d y  area as a w h o l e ,  t he  s e l e n i u m l e v e l s  
averaged  0 . 69  + 0 . 40  ppm and 0 . 37  + 0 .17 ppm i n  t he  0-5 
cm. and 15-20 cm. f r a c t i o n s ,  r e s p e c t i v e l y .  These r anges  
agree w i t h  t hose  d e s c r i b e d  i n  t he  l i t e r a t u r e  t h a t  seemed 
t o  i m p l y  t h a t  t he  area i s  p r o b a b l y  n o n s e l e n i f e r o u s  as a 
w h o l e ,  and t h a t  t he  a p p a r e n t  i n c r e a s e  ove r  t h i s  average  
o bse r v ed  a t  t he h e a v i l y  i mpac t ed  s i t e s  i s  due t o  an 
a n t h r o p o g e n i c  s o u r c e .  I t  a l s o  a p p e a r s ,  as obse r ved  e l s e ­
wher e ,  t h a t  t he  b i o l o g i c a l  r esponse  to t he  s e l e n i u m
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e m i s s i o n s  i s  v e r y  l o c a l i z e d .  Us i ng  t he  c r i t e r i o n  o f  
d i s t a n c e  ( v s .  s e l e n i u m  c o n c e n t r a t i o n )  a l one  one obse r ves  
an a c c u m u l a t i o n  o f  s e l e n i u m  in t he 0 - 5  cm. s o i l  dep th  
w i t h i n  a m i l e  o f  t he  sou r ce  (see F i g u r e  8  be l ow)  w h i l e  
o n l y  s l i g h t  i f  any ,  a c c u m u l a t i o n ( s ) o c c u r r e d  i n  t he  l owe r  
sample d e p t h .  T h i s  j u dgemen t  assumes t h a t  t he s t u d y  area 
i s  g e o l o g i c a l l y  " c o n s t a n t "  o r  " r e l i a b l e , "  i . e . ,  t he p a r e n t  
m a t e r i a l  e x i s t s  as shown on t he a p p r o p r i a t e  s u r v ey  maps,  
p r o d u c i n g  s o i l s  c o n t a i n i n g  0 . 2 0  t o 0 . 60  ppm s e l e n i u m abou t  
95% o f  t he  t i m e .  I f  wi nd  d i r e c t i o n  (see P. Humphrey,  p. 
162 i n  sou r ce  [ 1 3 ] )  as w e l l  as d i s t a n c e  i s  c o n s i d e r e d ,  
t hen s i t e s  3,  5,  8  and 9 wou l d  be exp ec t e d  t o  have t he  
h i g h e s t  obs e r v ed  s u r f a c e  s e l e n i u m  l e v e l s ,  wh i ch  i s  l a r g e l y  
t he case .  T h i s  da t a  a l s o  shows ( F i g u r e  9) a dec r ease  i n  
c o n c e n t r a t i o n  w i t h  i n c r e a s i n g  d i s t a n c e ,  i m p l y i n g  t h a t  
bo t h  f a c t o r s  c o n t r i b u t e  i n  d e t e r m i n i n g  t he  c o n t a m i n a t i o n  
p r e s e n t / s i t e ,  as no t ed  f o r  many heavy m e t a l s  and a r s e n i c  
i n  p r e v i o u s  s t u d i e s  done i n  t he  East  Helena a r ea .  Seve r a l
o t h e r  s i t e s  no t  c o n s i d e r e d  above a l s o  c o n t a i n e d  h i gh  
s e l e n i u m  l e v e l s  i n  t h e  0-5  cm. f r a c t i o n :  (a)  s i t e  2 
(Kennedy Pa r k )  p r o b a b l y  due t o a c o m b i n a t i o n  o f  s o i l  
c h a r a c t e r i s t i c s  ( e . g . ,  a sod l a y e r  w i t h  h i gh  o r g a n i c  
c o n t e n t )  and t he  p e r i o d i c ,  i f  no t  c h r o n i c ,  f u m i g a t i o n  i t  
has r e c e i v e d  i n  t he  p a s t ,  ( b )  t he  g r ay  c a l i c h e - l i k e  l a y e r  
no t ed  a t  1 0 - 1 2  cm. dep t h  on s i t e  1 4 ' s s o i l  p i t ;  a l t h o u g h
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i t  c o n t a i n e d  0 . 93  ppm s e l e n i u m  i t  a l s o  had t he  h i g h e s t  
s u l f u r  l e v e l  no ted  i n  t h i s  s t u d y ,  namely 4740 ppm.
C o n s i d e r a t i o n  o f  t he  raw da t a  r e v e a l s  no a p p a r e n t  
t r e n d  i n  t e rms  o f  e i t h e r  i n c r e a s i n g  or  d e c r e a s i n g  s e l e n i u m 
c o n c e n t r a t i o n  w i t h  t i me  f o r  mos t ,  i f  no t  a l l ,  s i t e s  a t  
e i t h e r  sample d e p t h .  The two p o s s i b l e  e x c e p t i o n s  m i g h t  
be s i t e s  3 and 5 ( a t  bo t h  sample d e p t h s )  wh i ch  are  i n  t he  
assumed pa t h  o f  t he  e m i s s i o n  plume.
I n s p e c t i o n  o f  t he  0-5 cm. da t a  i n  Tab l e  11 r e v e a l s  
a s l i g h t  skew to t he r i g h t ,  be i ng  s u p p o r t e d  by a Kar l  
Pearson skew i nd e x  v a l u e  o f  + 0 . 7 8 4 ;  t he 15-20 cm. r e s u l t  
i s  more p l a t y k u r t i c  ( a l t h o u g h  no t e s t  was p e r f o r me d )  
w i t h  a skew v a l u e  o f  + 0 . 2 0 4 .  These i n d i c e s  c o i n c i d e  
w i t h  t he  c o e f f i c i e n t  o f  v a r i a t i o n  ( a n o t h e r  measure o f  
d i s p e r s i o n  abo u t  t he  mean) wh i ch  were c a l c u l a t e d  t o  be 
85.1% and 56.5% f o r  t he  upper  and l o w e r  sample d e p t h s ,  
r e s p e c t i v e l y .  Ra t he r  t han  use a r i t h m e t i c  p r o b a b i l i t y  
paper  t o  e s t i m a t e  t he  v a r i a n c e  f r om n o r m a l i t y  (and w i t h o u t  
s t a n d a r d i z i n g  t he  v a r i a b l e ( s )  t o  a p p r o x i m a t e  such a 
d i s t r i b u t i o n )  t he  g e o m e t r i c  mean and g e o m e t r i c  d e v i a t i o n  
were comput ed.  The r e s u l t s  o f  such c a l c u l a t i o n s  i m p l y ,  
w i t h  9  5 % c o n f i d e n c e ,  t h a t  t he  s u r f a c e  s o i l  se l e n i u m shou l d  
r ange f r om 0 . 0 19  t o  20 . 5  ppm, i n c l u d i n g  a 0 .63 ppm mean, 
w h i l e  t he  l o w e r  dep t h  wou l d  c o n t a i n  0.011 t o 9 . 95 ppm, 
w i t h  a 0 . 3 3  ppm mean. As argued i n Cha p t e r  I I ,  t hese  
ex t r eme  r anges  o f  v a r i a  t e  c o n c e n t r a t i o n s  i m p l y  t h a t  n e i t h e r
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da t a  se t  i s  normal  ab o u t  t h e i r  r e s p e c t i v e  means.  Thus t he  
a p p l i c a t i o n  o f  g e o m e t r i c  c a l c u l a t i o n s  were v i ewed to y i e l d  
i m p l a u s i b l e  and c e r t a i n l y  unexpec t ed  s o i l  s e l e n i u m r anges .
An a r i t h m e t i c  s c a t t e r  p l o t  o f  t he  s o i l  s e l e n i u m data  
was made,  based upon t he  a s s ump t i o n  o f  l i n e a r i t y  between 
t he  two sample group c o n c e n t r a t i o n s .  A r e g r e s s i o n  e q u a t i o n  
o f  = 0 . 3417 + 0 . 0758  x was computed w i t h  a s t a n d a r d  
e r r o r  o f  e s t i m a t e  equal  t o  0 . 1 4 1 ;  i n s p e c t i o n  o f  t he s l o p e  
i n  t he e x p r e s s i o n  i m p l i e s  a low r e l a t i o n s h i p  between t he  
two sample d e p t h s '  s e l e n i u m  c o n c e n t r a t i o n s  w h i l e  t he  0.141 
f i g u r e  means t h a t  6 8 % o f  t he  p a i r s  w i l l  be w i t h i n  + .141 
( v e r t i c a l l y )  o f  t he  e s t i m a t i n g  e q u a t i o n .  The c o e f f i c i e n t  
o f  d e t e r m i n a t i o n  ( i . e . ,  e x p l a i n e d  v a r i a n c e / t o t a l  v a r i a n c e )  
y i e l d e d  a v a l u e  o f  abou t  0 . 040  wh i ch  when compared a g a i n s t  
S t u d e n t ' s  t - t a b l e  ( f o r  n = 41 ) gave p ~ 0 . 2 ,  t hus  t he h y p o t h e s i s  
o f  no s i g n i f i c a n t  d i f f e r e n c e  between sample dep t hs  would  be 
a c c e p t e d .  S i nce  t h i s  v i o l a t e d  common sense,  i t  was c o n ­
c l u d e d  t h a t  a n o n p a r a m e t r i c  ( r a n k i n g )  method shou l d  be 
a p p l i e d  t o  a l l  da t a  a n a l y s i s .  To a t t a i n  t h i s  end,  t he  
Spearman r ank  o r d e r  t e s t  ( c o r r e c t e d  f o r  t i e s )  was a p p l i e d ;  
f u t u r e  work  m i g h t  empl oy e i t h e r  W i l c o x o n ' s  t e s t  o r  K e n d a l l ' s  
" t a u " .  The f o r m e r  p o s s i b l e  method i s  s l i g h t l y  more r e l i a b l e  
(4%) t han  Spear man ' s  when compared to t he  p a r a m e t r i c  p r o d u c t  
moment ( r )  w h i l e  t he  K e n d a l l ' s  method i s  n e c e s s a r y  i n  
d e t e r m i n i n g  p a r t i a l  c o r r e l a t i o n  between 3 v a r i a b l e s ,  where 
one i s  he l d  t o  a c o n s t a n t  a f f e c t  on t he  v a r i a t i o n  o f  t he
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o t h e r  two.  The Spearman t e s t  ( r ^ )  gave a v a l u e  o f  0 . 9 9 3 ,  
s i g n i f i c a n t  a t  p £  .001 ( t = 1 3 0 . 4  f o r  n=34)  i m p l y i n g  a 
h i g h  degr ee  o f  a s s o c i a t i o n  between t he  two sample d e p t h s ,  
one t h a t  p r o b a b l y  d i d  no t  o c c u r  by chance a l o n e .  The 
d i f f e r e n c e  between t he  sample means ( a t  bo t h  d e p t h s )  was 
a l s o  s i g n i f i c a n t ,  p £  .001 ( t = 6 . 3 1 3  f o r  n=36)  wh i ch  i s  
s u b s t a n t i a t e d  by compar i ng  t he  95% c o n f i d e n c e  i n t e r v a l  
c o n c e n t r a t i o n  ranges  o f  0 . 608  t o  1 . 0 2  ppm in t he  upper  
s o i l  sample vs,  0 . 323  t o  . 450 ppm i n  t he  l o we r  one,  
r e s p e c t i v e l y .
Soi  1 Sul  f u r
The same g e n e r a l  r e l a t i o n s h i p s  not ed f o r  t he  s o i l  
s e l e n i u m  a l s o  o c c u r r e d  f o r  s o i l  s u l f u r ,  i . e . ,  g r e a t e r  
amounts o f  s u l f u r  e x i s t e d  n e a r e r  t he  s o i l  s u r f a c e  t han 
f a r t h e r  down i n  t he  s o i l  p r o f i l e .  I n c r e a s i n g  s u r f a c e  
c o n c e n t r a t i o n s  w i t h  d e c r e a s i n g  d i s t a n c e  t o  t he s m e l t e r  
were a l s o  o b s e r v e d .  The t o t a l  s u l f u r  averages  a t  both  
sample dep t hs  were c a l c u l a t e d  t o  be 556 £  227 ppm and 
363 £  182 ppm f o r  t he  0 - 5  cm. and 15-20 cm. zones ,  
r e s p e c t i v e l y .  When compared t o  t he  expec t ed  r a ng e s ,  
g i v e n  t he  e x i s t i n g  g e o l o g i c  p a r e n t  m a t e r i a l  i n t he  s t u d y  
a r e a ,  t he  above v a l u e s  can no t  be c o n s i d e r e d  anomalous.
An e x c e p t i o n  t o  t he  c o n c e n t r a t i o n - d i s t a n c e  t r e n d  was 
f ound a t  t he  Townsend s i t e  (no.  1 4 ) .  More c a r e f u l  s i t e  
a n a l y s i s  made d u r i n g  t he  f i n a l  c o l l e c t i o n  se t  r e v e a l e d  
( see Ap pend i x  I I I )  t h a t  t he  area had been u t i l i z e d  f o r
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a g r i c u l t u r a l  p u r p o s e s ,  p r o b a b l y  up t o  10 ye a r s  ago.  I t  
seemed p o s s i b l e  t h a t  f e r t i l i z a t i o n  o r  i r r i g a t i o n  o f  t h i s  
s o i l  may have boos t ed  i t s  s u l f u r  c o n t e n t  t o  t he  a p p a r e n t l y  
anomalous l e v e l s  o b s e r v e d .
A p l o t  o f  t he gr oup  mean da t a  f r om Tab l e  12 i n d i c a t e s  
a g e n e r a l  t r e n d  o f  d e c r e a s i n g  s u r f a c e  s o i l  s u l f u r  l e v e l s  
w i t h  i n c r e a s i n g  d i s t a n c e .  A l t h o u g h  the s t r a n g e  c o n t r o l  
da t a  makes r e g r e s s i o n  l i n e  f i t t i n g  d i f f i c u l t ,  i t  appears  
t h a t  t he  de c r e a s e  i s  f a i r l y  l i n e a r  w i t h i n  5 m i l e s  ( r a d i u s )  
o f  t h e  s m e l t e r .  The s u l f u r  l e v e l s  a t  t he  l o we r  dep t h  
seem much l e s s  a f f e c t e d  by d i s t a n c e  when compared to t he 
c o r r e s p o n d i n g  s o i l  s e l e n i u m  da t a  i n  F i g u r e  8 . I t  i s  
sugges t ed  t h a t  t he  s u l f u r  i s  l e s s  m o b i l e  i n t he  s o i l  
p r o f i l e  t han i s  s e l e n i u m ,  wh i ch  was borne ou t  by t he  f a c t  
t h a t  t he  s u l f u r  c o n c e n t r a t i o n  r a t i o s  between t he  "A"  and 
"B"  h o r i z o n / s i t e  were u s u a l l y  l e s s  t han t hose  f o r  s e l e n i u m 
a t  any g i v e n  s i t e  and sample p e r i o d .
lOOl
Moo
F i g u r e  1 0 - - r i U L  u I l ie a II u v i i  o u i i u r  ua
Sampe Depths ( E x c l u d i n g  C o n t r o l s )
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I f  bo t h  d i s t a n c e  and wi nd  d i r e c t i o n  ( r e l a t i v e  t o  any g i ve n  
s i t e ( s ) )  are  c o n s i d e r e d  as above ,  t he  graph shown i n 
F i g u r e  11 can be c o n s t r u c t e d .  As seen i n t he  ana l ogous  
s e l e n i u m  p l o t ,  F i g u r e  9, t he  c o n c l u s i o n  i s  reached t h a t  
bo t h  f a c t o r s  i n t e r a c t  a t  any g i v e n  s i t e  to produce the 
obse r ved  s o i l  s u l f u r  l e v e l s .  The g r e a t e r  a n a l y t i c  u n c e r ­
t a i n l y  o f  t h e  s u l f u r  da t a  makes i t  more d i f f i c u l t  t o 
i n t e r p r e t  t han  f o r  t he  c o r r e s p o n d i n g  s e l e n i u m d a t a ;  
however ,  i t  i s  sugges t ed  t h a t  s u l f u r  and s e l e n i u m e m i s s i o n s  
have d i f f e r e n t  d i s t r i b u t i o n  p a t t e r n s .  I t  shou l d  a l s o  be 
no ted  t h a t  s e l e n i u m ' s  p a t t e r n  l i e s  more e a s t  t o  s o u t h e a s t  
t han does t he  d i s t r i b u t i o n  p a t t e r n  f o r  a r s e n i c  g i v e n  i n  
Fi gure 1,  Ch a p t e r  11 .
loo
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o.c k o  I S  2 . 0
f f O M *  S o i 4 / cA
F i g u r e  1 1 - - P l o t  o f  t he  Averaged S u l f u r  Data f rom S i t e s  
3, 5,  8  and 9
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I n s p e c t i o n  o f  t he  h i s t o g r a m  f o r  s o i l  s u l f u r ,  f i g u r e  
5, shows t h a t  t he  upper  s o i l  s u l f u r  c o n c e n t r a t i o n  d i s t r i ­
b u t i o n  i s  skewed t o  t h e  r i g h t  ( t h e  K.P.  i ndex  e qua l s  + 1 . 0 4 )  
w h i l e  t he  l o w e r  c o n c e n t r a t i o n s  are  somewhat  more s y m me t r i c a l  
( i . e . ,  + 0 . 5 7 )  abou t  t he sample mean;  t he c o e f f i c i e n t s  o f  
v a r i a t i o n  are  78.5% and 83.8% r e s p e c t i v e l y .  A c a l c u l a t e d  
r ^  o f  0 . 995  a l l o w e d  t he  ( o f  no s i g n i f i c a n t  r e l a t i o n s h i p  
between s u l f u r  c o n t e n t  a t  t he  two d e p t h s )  t o  be d i s c r e d i t e d  
(p £  . 001 ,  t = 5 8 . 0 2  f o r  n=34)  as was t he  h y p o t h e s i s  o f  
i n s i g n i f i c a n t  d i f f e r e n c e  between sample means (p 5  . 0 0 1 , 
t = 8 . 8 7  f o r  n=36 ) .  Th i s  l a t t e r  o b s e r v a t i o n  i s  s u p p o r t e d  
by t he  c o n c e n t r a t i o n  r ange ( a t  95% c e r t a i n t y )  o f  424 t o  
720 ppm vs .  241-425 ppm abou t  t he  r e s p e c t i v e  p o p u l a t i o n  
upper  and l o we r  s o i l  s u l f u r  means.  For  t he r e c o r d ,  l o g a ­
r i t h m i c  m a n i p u l a t i o n  o f  t he  dat a  y i e l d e d  expec t ed  c o n c e n ­
t r a t i o n  ranges  ( a t  95% c o n f i c e n c e )  o f  134 t o  .1659 ppm,
( w i t h  a 472 ppm g e o m e t r i c  mean) and 85 t o  938 ppm (282 ppm 
g e o m e t r i c  mean) f o r  t he  upper  and l o w e r  d e p t h s ,  r e s p e c t i v e l y .  
C l e a r l y ,  t h i s  l a t t e r  s e t  o f  v a l u e s  i s  much l e s s  r e l i a b l e  
t han t ho s e  a r i t h m e t i c  ones g i v e n  above.
In Tab l e  14,  a l l  c o m b i n a t i o n s  o f  s u l f u r - s e l e n i u m  p a i r s  
were used t o  compute an " a v e r a g e "  s l o p e  mean o f  0 .00117 f o r  
t he  0 - 5  cm. sample d e p t h ,  and 0 . 00100  f o r  t he 15-20 cm. 
d e p t h .  These v a l u e s  i m p l y  a v e r y  s l i g h t  causa l  r e l a t i o n ­
s h i p  between t he  two e l emen t s  per  s i t e ,  a l t h o u g h  a s t r o n g e r  
a s s o c i a t i o n  appear s  t o  e x i s t  a t  t he  s u r f a c e  zone.  In f u t u r e
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work t he  use o f  a n e s t e d  a n a l y s i s  o f  v a r i a n c e  m i g h t  be 
c o n s i d e r e d  t o  a l l e v i a t e  t h i s  q u e s t i o n  o f  e l e men t a l  v a r i a n c e /  
s i t e  ( 1 6 8 ) ;  such a method a l l o w s  t he  t o t a l  v a r i a n c e  e s t i ­
mated f r om t he  sample s e t  t o  be s u b d i v i d e d  i n t o  components 
t h a t  may be a s c r i b e d  t o  t he  v a r i o u s - s i z e d  sample l o c a l i t i e s  
( a r e a s )  as i s  t he  case i n t h i s  p r e s e n t  s t u d y .  In l a t e r ,  
d e f i n i t i v e ,  work u s i n g  t h i s  nes t ed  a n a l y s i s  o f  v a r i a n c e ,  
t he  r e s u l t s  shou l d  a l s o  be checked a g a i n s t  a n o n p a r a m e t r i c  
a p p r o a c h ,  e . g . ,  t he K r u s k a l - W a l l i s  method.
S o i l  pH
D e s p i t e  t he  wi de  v a r i a n c e  i n  v a l u e s  per  p o l l u t i o n  
c a t e g o r y  one can make t he  g e n e r a l  c o n c l u s i o n s  t h a t :  (a)  
t he  o v e r a l l  s t u d y  area has s l i g h t l y  a l k a l i n e  s o i l s ,  i . e . ,  
pH ave r ages  o f  7 . 5  and 7 . 8  i n  t he  0-5  cm. and 15-20 cm. 
f r a c t i o n s ,  r e s p e c t i v e l y  and ( b )  t he  s u r f a c e  s o i l  pH appears  
to  be l o we r  t han  t he  a v e r a g e ,  e . g . ,  an expec t ed  minimum o f
7.2  f o r  u n p o l l u t e d  s i t e s  vs .  t he  c a l c u l a t e d  maximum o f  7 .0  
f o r  c a t e g o r y  number  one ( w i t h i n  a m i l e  r a d i u s  o f  t he 
s m e l t e r  s i t e ) .  I n c r e a s i n g  s u r f a c e  and d e c r e a s i n g  "B 
h o r i z o n "  pH o v e r  i n c r e a s i n g  d i s t a n c e  f r om the source  was 
a l s o  n o t e d .  T h i s  t r e n d  i s  p r o b a b l y  i n f l u e n c e d  by v a r i a n c e  
i n  s o i l  c o n d i t i o n s  ( e . g . ,  base c o n t e n t ,  exchange c a p a c i t y )  
between sample s i t e s .  In t he  f i r s t  two p o l l u t i o n  g r oups  
( " h e a v y "  and " m o d e r a t e " )  pH i n c r e a s e d  a t  both  dep t hs  w i t h  
t i me  whereas e i t h e r  no change o r  s l i g h t  dec r ease  in pH 
was ob s e r v e d  i n  t he  l e s s  i mpac t ed  p o l l u t i o n  c a t e g o r i e s .
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I t  i s  known t h a t  s o i l  s u s p e n s i o n s  became more a c i d i c
i f  t he  c o n c e n t r a t i o n s  o f  n e u t r a l  s a l t s ,  e . g . ,  NaCl , CaSO^,
KNOg, i n c r e a s e  (see sou r ce  155,  p. 25 ) .  The f l u c t u a t i o n
o f  s o l u b l e  s a l t  c o n t e n t  w i t h  t i me  can t hus  1 y be c o r r e l a t e d
to  pH; t he  a c c u m u l a t i o n  o f  such s a l t s  d u r i n g  d r y  p e r i o d s
l o we r s  t h e  pH, w h i l e  t he  s o i l  y i e l d s  i t s  maximum pH l e v e l
when t h e y  are  s u b j e c t  t o l e a c h i n g  d u r i n g  t he r a i n y  season.
How t h i s  a p p l i e s  t o  t he  above da t a  i s  u n c e r t a i n .  I t  i s
sugges t ed  t h a t  t he  a c i d  p r o d u c t s  absorbed  by t he upper
s o i l  l a y e r  a t  t he  " p o l l u t e d "  s i t e s  may acc umu l a t e  to t he
l e v e l  o f  d i s r u p t i n g  t he  s o i l ' s  c a t i o n  exchange c a p a c i t y
by s a t u r a t i n g  t he  n e g a t i v e l y  charged  s i t e s  w i t h  hydron i um
(H^O^)  i on  ( e s p e c i a l l y  as noted i n  t he  f i r s t  c o l l e c t i o n
s e t  f o r  c a t e g o r y  ( 1 ) ) ,  w i t h  c o ns equen t  l e a c h i n g  o f  base
p l u s  heavy meta l  c a t i o n s  i n t o  t he  l o w e r  s o i l  d e p t h s .  They
_ 2
c o u l d  t hen r e a c t  w i t h  a n i o n s ,  e . g . ,  SO^ t o  f orm i n s o l u b l e  
s a l t s  r a i s i n g  t he  obse r ved  pH t h e r e  as w e l l .  Th i s  m i g h t  
e x p l a i n  t he  d r op  i n  s u r f a c e  pH no t ed  i n  t he  June c o l l e c t i o n  
s e t  (a p r i o d  h a v i n g  i n t e r m i t t a n t  r a i n  showers)  i n  t he more 
i mpac t ed  s i t e s ,  e . g . ,  s i t e s  3,  8  and p o s s i b l e  9. U n f o r ­
t u n a t e l y ,  t he  d a t a  f o r  t he  l o w e r  dep t h  a t  t hese  s i t e s  does 
no t  f u l l y  s u p p o r t ,  bu t  c e r t a i n l y  does no t  e l i m i n a t e ,  t he 
above h y p o t h e s i s .  In f u t u r e  work t he  d e t e r m i n a t i o n  o f  both 
c a t i o n - e x c h a n g e  c a p a c i t y  v i a  ammonium or  sodium a c e t a t e  
e x t r a c t i o n  ( p l u s  exchange a c i d i t y )  as w e l l  as t o t a l
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ex c h a n g ea b l e  bases s h o u l d  be made t o  s t u d y  t he mechanism 
o f  s m e l t e r  e m i s s i o n s  on s o i l  c h e m i s t r y  (pH,  n u t r i e n t  
a v a i l a b i l i t y )  and how t h i s  i n f l u e n c e s  t he p l a n t  p o p u l a t i o n  
g r ow i n g  i n  i t  ( 1 6 9 ) .
An a l t e r n a t e  h y p o t h e s i s  i s  t h a t  t he  redox c o n d i t i o n s  
are such t h a t  l ow e l e c t r o n  d e n s i t y  ( o r  o x i d a t i o n ) p r e d o m ­
i n a t e s  ove r  t he  pH a f f e c t s ,  i . e . ,  t he s e l e n i u m i s  q u i c k l y  
c o n v e r t e d  t o  s e l e n a t e  i on  and t hen t o  a heavy meta l  o r  
a l k a l i n e  e a r t h  s a l t .  C l e a r l y ,  t he  observed  (and c a l c u l a t e d )  
pH r anges  are  a l k a l i n e  to t he  degree o f  e l i m i n a t i n g  i mmob i l e  
f e r r i c ,  bu t  no t  c a l c i u m ,  s e l e n i t e  as a s i g n i f i c a n t  i n f l u e n c e  
on t he  b i o l o g i c a l  a v a i l a b i l i t y  o f  t h i s  e l e me n t .  F u t u r e  
s t u d i e s  s h o u l d  i n c l u d e  f i e l d  d e t e r m i n a t i o n s  o f  E^ v i a  
p l a t i n i z e d  p l a t i n u m  e l e c t r o d e s  and (pH) v o l t m e t e r  ( 1 7 0 ) .
In w e l l - a e r a t e d  s o i l  s ys t e ms ,  t he  l ow c o n c e n t r a t i o n s  o f
+ 2 +3r edox  c o u p l e s  ( e . g . ,  Fe - Fe ) r educe  t he  s t a b i l i t y ,  
r e p r o d u c i b i l i t y  and g e n e r a l  u s e f u l n e s s  o f  t he redox  d e t e r ­
m i n a t i o n  ( 1 7 1 ) .  Sev e r a l  seasona l  t e s t s  s h ou l d  be p e r f o r m e d ,  
i n c l u d i n g  one d u r i n g  t he  June " r a i n  p e r i o d " ,  r e l a t i n g  t he  
r edox  p o t e n t i a l  ob s e r v e d  t o  t he  p o s s i b l e  change i n  t he 
c he mi c a l  s p e c i e s  o f  s e l e n i u m  o c c u r r i n g  over  t he g r ow i ng  
season ( see so u r c e  [ 6 4 ]  f o r  e x t r a c t i o n  me t hods ) .  More 
e x o t i c  f i e l d  measurements  o f  s e l e n i u m  m i g r a t i o n  t h r o u g h
the  s o i l  p r o f i l e  may be a c c o mp l i s h e d  by m o d i f y i n g  J . C.
2 0 3M c F a r l a n e ' s  sys t em t h a t  d e a l t  w i t h  Hg, a l t h o u g h  t he 
method appea r s  a d a p t a b l e  t o  l a b o r a t o r y  s t u d i e s  as w e l l  ( 1 7 2 ) .
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I n s p e c t i o n  o f  t he  pH h i s t o g r a m .  F i g u r e  6 , and accom­
pa n y i n g  t a b l e  r e v e a l s  a v e r y  s l i g h t ,  and p r o b a b l y  i n s i g ­
n i f i c a n t ,  r i g h t  skew o f  + 0 . 057  i n  t he  0-5 cm. d a t a ,  w i t h  
a c o e f f i c i e n t  o f  v a r i a t i o n  equal  t o  7%. The l ower  sample 
da t a  r e v e a l s  a s t r o n g  l e f t  skew ( -  1 . 11 7 )  but  has a p p r o x ­
i m a t e l y  t he  same d i s p e r s i o n  abou t  t he mean ( 7 . 5 %) as noted 
i n  t he s u r f a c e  pH d i s t r i b u t i o n .  A s t r o n g  a s s o c i a t i o n  was 
noted between t he  pH v a r i â t e s  a t  both  dep t hs  (p < . 001 ,  
t = 4 1 . 2 3  f o r  n =3 4 ) ,  where t he  d i f f e r e n c e  in sample means 
was a l s o  h i g h l y  s i g n i f i c a n t  (p 5  . 0 0 1 , t = 2 1 . 2 1  f o r  n= 3 4 ) .  
Th i s  l a t t e r  o b s e r v a t i o n  i s  s u p p o r t e d  by t he r e s u l t s  o f  t he 
e x pe c t e d  pH range (95% c o n f i d e n c e  i n t e r v a l )  a t  both d e p t h s ,  
where no o v e r l a p  was n o t e d ,  e . g . ,  7 . 3 2 7 - 7 . 6 7 3  vs.  7 . 7 1 3 -  
8 . 107  f o r  t he  upper  and l o w e r  r e g i o n s ,  r e s p e c t i v e l y .
F l o r a  Se l en i um Co n t e n t
In t he  c o n s t r u c t i o n  o f  an a p p r o x i m a t e l y  s t r a t i f i e d  
sample d e s i g n ,  i t  was d e c i d e d  to choose a reas  where both 
s o i l  and v e g e t a t i o n  t yp e s  were s i m i l a r  so as to a f f o r d  a 
more r e a s o n a b l e  c ompa r i son  between s i t e s .  Thus,  i n  t he 
t a k i n g  o f  p l a n t  sampl es a number o f  genera were emphas i zed ,  
e . g . ,  Ag r o p y r o n  s p p . ,  C h r y s o t h a m n u s , Fes tuca spp.  and 
A s t r a g a l  us spp.  when p r e s e n t .  I t  was a l s o  a t t e mp t e d  to 
m i n i m i z e  sample b i a s ,  e . g . ,  c l u s t e r i n g  o f  subsampl es ,  when 
g a t h e r i n g  t i s s u e  f r om a g i v e n  s p e c i e s  per  s i t e .  The f i r s t  
two t a b l e s  i n  p l a n t  s e l e n i u m  r e s u l t s .  Chap t e r  V, r e p r e s e n t
no
a summary o f  a l l  t he  p l a n t  measurements  made, e i t h e r  i n 
t e rms o f  v a r i a t i o n  w i t h  t i m e / s i t e ,  Tab l e  22,  o r  w i t h  
d i s t a n c e  f r om t he s m e l t e r .  Tab l e  23.
I n s p e c t i o n  o f  Tab l e  22 r a i s e s  t he t e m p t a t i o n  to s t a t e  
t h a t  an i n c r e a s e  i n  p l a n t  s e l e n i u m  c o n t e n t  o c c u r r e d  w i t h  
t i m e ,  e s p e c i a l l y  i n  t he " h e a v i l y - p o l l u t e d "  i mpac t  c a t e g o r y .  
Th i s  i s  an i n t e r e s t i n g  p o s s i b i l i t y  s i n c e :  (a)  t he  s o i l  
samples showed no d e f i n i t e  i n c r e a s e ,  i f  any,  i n  s e l e n i um 
l e v e l s ,  r e g a r d l e s s  o f  sample d e p t h ,  (b)  i f  g i v en  t he 
a p p a r e n t  c o n s t a n t  amount  o f  s e l e n i u m / g r a m  p l a n t  t i s s u e  
w i t h  t i me  ( i m p l y i n g  t h a t  t he r a t e  o f  up t ake  must  be p r o ­
p o r t i o n a l  t o  t he  r a t e  o f  g r owt h  i n  o r d e r  t o  r educe  " d i l u t i o n  
e f f e c t s " )  and assumi ng  a r e a s o n a b l y  c o n s t a n t  i n p u t  o f  
s e l e n i u m  t o  any g i v e n  s o i l  ove r  t he  4% month c o l l e c t i o n  
p e r i o d ,  t hen  t he  b i o l o g i c a l l y  a v a i l a b l e  s e l e n i u m must  have 
to i n c r e a s e  w i t h  t i me  t o  b a l ance  t he  g r owt h  a c c u m u l a t i o n  
r a t e s .  Thus,  i t  i s  i m p e r a t i v e  t h a t  f u t u r e  s t u d i e s  a t t e m p t  
t o  gauge the v a r i a t i o n  o f  b i o l o g i c a l l y  a v a i l a b l e  se l e n i u m 
between s i t e s  and o v e r  t he  g i ve n  c o l l e c t i o n  p e r i o d  to 
answer  t he  above q u e s t i o n .
The gr oup da t a / p o l l u t i o n  c a t e g o r y  g i v en  i n  Tab l e  23 
i s  p l o t t e d  i n  F i g u r e  12 be l ow.  For  ease o f  i n t e r p r e t a t i o n ,  
t he  s o i l  s e l e n i u m  group da t a  f o r  t he 15-20 cm. samp l es /  
p o l l u t i o n  c a t e g o r y  a r e  i n c l u d e d  on t he g r aph .  The s t a t i s ­
t i c a l  c o r r e l a t i o n s  between p l a n t  s e l e n i u m  c o n t e n t  and t he 
s o i l  p a r a m e t e r s  w i l l  be c o n s i d e r e d  l a t e r  i n t he d i s c u s s i o n .
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F i g u r e  T2 - - P l o t  o f  Group Mean Data f o r  A i l  P l a n t  Spec i es  
by P o l l u t i o n  C a t e g o r i e s
The p l a n t  s e l e n i u m  h i s t o g r a m ,  F i g u r e  7 and t he  accom­
p any i ng  t a b l e  y i e l d  t he  i m p r e s s i o n  t h a t  d e s p i t e  bo t h  t he  
c o n s i d e r a b l e  d i s c r e p a n c y  i n  skew i nd e x  and u n c e r t a i n  f l o r a l  
c o m p o s i t i o n  between t he  s t u d y  and " a d e q u a t e "  sample s e t s ,  
t he  two appear  more r e l a t e d  t h a t  are  t he  s t u d y  vs .  " v a r i a b l e "  
d a t a .  T h i s  s u g g e s t s  e i t h e r  ( a )  t he  s m e l t e r  e m i s s i o n s  have 
changed t he  f l o r a ' s  s e l e n i u m  s t a t u s  f rom " v a r i a b l e "  t o  
" a d e q u a t e " ,  i f  J.  K u b o t a ' s  c r i t e r i a  are  a c c e p t e d ,  o r  (b)  
t he c o r r e l a t i o n s  a r e  s t r i c t l y  f o r t u i t o u s .  I f  g i ven  t he 
r e q u i r e m e n t  o f  a 1 . 223  ppm s t a n d a r d  d e v i a t i o n  (and assumi ng 
t h i s  i s  near  t h e  " t r u e "  d i s p e r s i o n  abou t  t he  p o p u l a t i o n  
mean) ,  p l u s  a t o l e r a b l e  ma r g i n  o f  e r r o r  o f  0 .05 ppm/ sampl e ,  
t hen  a sample s i z e  o f  (2x 1 . 2 2 3 / . 0 5 )  o r  a p p r o x i m a t e l y  
2357 more samples would be needed t o  be 95% c o n f i d e n t  ove r  
t he  t r u e  p o p u l a t i o n  mean.  The c o n s e r v a t i v e  r esponse  i s  t o
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S t a t e  t h a t  t he  i n s u f f i c i e n t  p o p u l a t i o n  s i z e  o f  t he p r e s e n t  
s t u d y  makes t he  d e t e r m i n a t i o n  o f  any adve r se  change i n  the 
p l a n t  s e l e n i u m  c o n t e n t  as a whol e  i m p o s s i b l e .  However ,  
t he  d i s c u s s i o n  bel ow w i l l  d e mo n s t r a t e  a t r e n d  whereby 
s e l e n i u m  c o n t e n t  and d i s t a n c e  f rom the s m e l t e r  are i n v e r s e l y  
r e l a t e d ,  i m p l y i n g  t h a t  l o c a l  e f f e c t s  do e x i s t .
Because t he  Spearman t e s t  r e q u i r e s  a minimum sample 
s i z e  o f  1 0  p a i r s ,  o n l y  t he  s e l e n i u m  c o n t e n t  i n  r u b b e r  
r a b b i t b r u s h  ( Chr ysothamnus nauseosus ) and b l uebunch whea t -  
g r ass  ( Ag r o p y r o n  s p i c a t u m ) c o u l d  be c o r r e l a t e d  w i t h  d i s t a n c e  
f r om t he s m e l t e r  s i t e .  A l t h o u g h  n o t h i n g  can be sa i d  about  
v a r i a t i o n  i n s e l e n i u m  c o n t e n t  w i t h  t i m e ,  e i t h e r  between 
s i t e s  o r  w i t h i n  a g i v e n  one,  bo t h  s p e c i e s  showed a s t r o n g  
a s s o c i a t i o n  w i t h  d i s t a n c e ,  i . e .  0 . 992  9 (p 5  . 001 ,  t = 2 5 . 0 0  
f o r  n - 2 = 1 2 )  and 0 . 986  (p ^  . 0 0 1 ,  t = 1 8 . 8 9  f o r  n - 2=10)  r e s ­
p e c t i v e l y .
D e s p i t e  t he  o b v i o u s  b i a s  o f  g r e a t e r  coverage  ( pe r  u n i t  
a r e a )  as t he  s a mp l i n g  app r oached  t he  s m e l t e r  s i t e ,  t he 
f o l l o w i n g  t a b l e  g i v e s  a q u a l i t a t i v e  e x p r e s s i o n  o f  t he  f l o r a ' s  
r esponse  t o  t he  s m e l t e r  e m i s s i o n s .  C l e a r l y ,  t he d i f f e r e n c e  
between " p o l l u t e d "  sample mean and " t o t a l "  mean f o r  t he  
l i s t e d  f l o r a  c o u l d  have been wi dened by compar i ng  t he f o r m e r  
t o  t he  a v e r a g e  f o r  t he  u n p o l l u t e d  sample ( pe r  s p e c i e s ) ,  e . g . ,  
f o r  snake broomweed,  0 . 8 6  ppm vs .  0 . 33  + 0 . 16 ppm, bu t  t h i s  
was c o n s i d e r e d  t o  be u n j u s t i f i a b l e .
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TABLE 3 0 - - C o m p a r i s o n  o f  " P o l l u t e d "  t o  " N o n - P o l l u t e d "  F l o r a  
Se l en i um Co n t e n t
S i t e  
No.
2
2
2
3
3
8
8
Pi cea q l auca  
Sa 1 1 X a m y g d a l o i d e s  
T i l i a  amer i cana
c r i s t a  turn
Fes t uca  s c a b r e l 1 a
F e s t . s c a b .
G u t i e r r e z i a
s a r o t h r a e
8  A s t r a g a l u s  s p .
Se l en i um Con t en t  
(ppm) i n
" P o l l u t e d "  Areas To t a l  Average
76 +. 25
.91 + 
.74 + 
.80 
.46 
1 . 00
. 8 6  + 
.91 +
1 9 
15 
24
28
22
44 ^  . 50 ,  n = 3 
91 + . 19 ,  n=2 
74 + . 14 ,  n=2 
47 + . 38 ,  n = 6  
31 + . 29 ,  n = 8  
31 + . 29 ,  n = 8
45 + . 30 ,  n=9
46 + . 35 ,  n = 6
The o t h e r  s p e c i e s  sampled (see Append i x  I I )  has i n s u f f i c i e n t  
numbers t o  be t r e a t e d  as above,  a l t h o u g h  the even i ng  p r i m r o s e  
( Gaura c o c c i n e a ) ,  f i g w o r t  ( Penstemon e r i  a n t h e r u s ) and mus­
t a r d  ( B r a s s i c a  a r ven s i s ) s p e c i e s  t aken  f rom s i t e  8  averaged
1.2 ppm w h i l e  t he  ch i ckweed  ( Ce r a s t i u m  a r vense  ) g a t h e r e d  
a t  s i t e  3  ( a p p r o x i m a t e l y  1 m i l e  "downwi nd"  f rom s i t e  8 ) 
had a s e l e n i u m  c o n t e n t  o f  0 . 95  ppm. U n f o r t u n a t e l y ,  no 
" c o n t r o l " da t a  e x i s t s  f o r  c o m p a r i s o n ,  t hus  f u t u r e  work 
s h o u l d  s e l e c t  more s i t e s  t o  ensu r e  t h a t  such c o r r e l a t i o n s  
can be made.  I t  was no ted  t h a t  t he  a p p a r e n t  c o n c e n t r a t i o n  
o f  s e l e n i u m  i n  t he  Kennedy Park w h i t e  sp r uce  dropped s l i g h t l y  
i n  June ( a b o u t  0.1 ppm) f r om t he  May c o n t e n t ,  bu t  c l i mb e d  
back t o  a maximum ( 1 . 1 0  ppm, abou t  0 . 4  ppm above May' s
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v a l u e )  i n  O c t o b e r .  T h i s  may be due to a c o n c e n t r a t i o n  
mechani sm o c c u r r i n g  i n  t he  p l a n t  t i s s u e  (as i m p l i e d  i n 
Dr .  C. Gordon,  ejt ‘ s Col  s t r i p  da t a  f o r  ponderosa p i ne
[ 1 7 3 ] )  c o u p l e d  t o  an i n c r e a s e  i n  s u r f a c e  c o n t a m i n a t i o n ,  
a l t h o u g h  much more o f  t h i s  d u s t  was observed  in t he e a r l i e s t  
sample s e t  t han  i n  t he  l a t t e r m o s t  one.
The r e s u l t s  o f  Tab l e  24 s u g ge s t  t h a t  more p l a u s i b l e  
a s s o c i a t i o n s  e x i s t  between p l a n t  s e l e n i u m l e v e l s  and t he  
s o i l  p a r a me t e r s  a t  t he  upper  sample d e p t h ,  as d e t e r m i n e d  
by compar i ng  t he  v a r i o u s  t - v a l u e s  per  p a r a me t e r .  I t  m i gh t  
be c o n c l u d e d  f rom t h i s  a r r a y  t h a t  t he o r i g i n a l  n o t i o n  o f  
r o o t - z o n e  s o i l  c o n d i t i o n s  b e i ng  t he c o n t r o l l i n g  mechanism 
o f  s e l e n i u m  a b s o r p t i o n ,  and t hus  p l a n t  s e l e n i u m c o n t e n t ,  
was i n  e r r o r .  T h i s  p o s s i b i l i t y  was checked by compu t i ng  
" a v e r a g e "  s l o p e s ,  by t he method g i ve n  bel ow Tab l e  14;
t he  r e s u l t s  f o r  t h i s  c a l c u l a t i o n  were g i v e n  i n  Tab l e  25.  
I n s p e c t i o n  o f  t h i s  t a b l e  shows t h a t  t he j udgemen t  based 
upon t he  p r e v i o u s  t a b l e  was p r e m a t u r e ,  i . e . ,  (a)  a g r e a t e r  
r e l a t i o n s h i p  does e x i s t  between t he  r o o t  zone s o i l  s e l e n i u m 
c o n t e n t  and f l o r a  s e l e n i u m  l e v e l s  t han  between t he  l a t t e r  
and s u r f a c e  s e l e n i u m  c o n c e n t r a t i o n s ,  (b)  a s l i g h t l y  c l o s e r  
r e l a t i o n s h i p  between r o o t  zone s o i l  s u l f u r  and p l a n t  
s e l e n i u m  r a i s e s  t he  p o s s i b i l i t y  o f  s u l f a t e - s e l e n a t e  com­
p e t i t i o n  f o r  t he  s i t e ( s )  o f  i on a b s o r p t i o n  on or  i n  t he 
r o o t  h a i r s  (as d i s c u s s e d  i n  sou r c e  [ 8 2 ] ) ,  ( c )  t he s l i g h t l y  
h i g h e r  r e l a t i o n s h i p  between t he l o w e r  s o i l  d e p t h ' s  pH and
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p l a n t  s e l e n i u m  c o n t e n t  i s  n o t  u n e x p e c t e d ,  s i n c e  t he 
o x i d i z i n g ,  a l k a l i n e  c o n d i t i o n s  o f  t h e  s o i l  would l a r g e l y  
c o n v e r t  any s e l e n i u m  p r e s e n t  t o  t he  b i o l o g i c a l l y  a v a i l a b l e  
s e l e n a t e  i o n ,  c o n s e q u e n t l y  r a i s i n g  t he l e v e l s  i n  t he p l a n t s  
g r ow i n g  i n  i t .  The h i g h e r  p l a n t  s e l e n i u m c o n c e n t r a t i o n s  
c o l l e c t e d  a t  p o l l u t e d  s i t e s  ( l a r g e l y  numbers 2,  3,  7, 8) 
w i t h i n  a 1% m i l e  r a d i u s  o f  t he s m e l t e r  appears  t o  c o n t r a ­
d i c t  ( c )  s i n c e  here t he pH was g e n e r a l l y  more a c i d  t han 
f o r  t he  l e s s  i mpac t ed  a r e a s .  Two p o s s i b l e  approaches  to 
d e a l i n g  w i t h  t h i s  enigma a r e :  ( 1 )  p e r f o r m  c a t i o n  exchange 
s t u d i e s  and o r g a n i c  m a t t e r  c o n t e n t  a n a l y s e s  t o  j udge  
c h e l a t i o n - hyd r on i um i on  s u p p l y  e f f e c t s ,  (2)  e i t h e r  wash 
t he p l a n t  spec i mens i n  a 0.02% warm soap s o l u t i o n  ( t hen  
r i n s i n g  w i t h  d e i o n i z e d  w a t e r )  t o  remove s u r f a c e  c o n t a m i n a ­
t i o n  or  p e r f o r m  t i t a n i u m  a n a l y s i s  on a l l  p l a n t  m a t e r i a l  
t o  e s t i m a t e  t he  r e l a t i v e  i mpac t  o f  t he  v a r i o u s  p o t e n t i a l  
s e l e n i u m  sou r ces  ( e . g . ,  s t a c k  f a l l o u t  and t a i l  s l a g  d u s t )  
i n  t e rms o f  d i s t a n c e  and d i r e c t i o n  f rom the s m e l t e r  s i t e .
In h i s  s t u d y  o f  t he  e l e m e n t a l  c o m p o s i t i o n  o f  b r y o p h y t e s ,
H.T.  S h a c k l e t t e  s t a t e d  t h a t  t he  s o i l : p i  a n t  ( p r esumab l y  
f o r a g e  s p e c i e s )  Te r a t i o  i s  a p p r o x i m a t e l y  1 0 , 0 0 0 : 1 ,  where 
" v a l u e s  above 5- 10  ppm i n  t he  d r y  p l a n t  samples are  not  
f ound  i n  a p p a r e n t l y  c l e a n  m a t e r i a l  e x c e p t  i n  some p l a n t s  
such as h e a t h e r  and c e r t a i n  t r e e s "  ( 1 7 4 ) .  Sever a l  s p e c t r o -  
p h o t o m e t r i c  methods e x i s t  ( 175)  bu t  appear  to be l i m i t e d  
by l ow s e n s i t i v i t y  a n d / o r  f l u o r i n e  i n t e r f e r e n c e ;  a p o t e n t i a l
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t i t r i  m e t r i c  method i s  g i v e n  i n  E n e r g l y n  and B r e a l y ,  bu t  
no men t i o n  o f  a n a l y t i c a l  p r ob l ems  o c c u r  in t he d i s c u s s i o n  
( 1 7 6 ) .
O v e r a l l ,  i t  appear s  t h a t  t he p l a n t  se l en i um c o n t e n t  
i s  more c l o s e l y  r e l a t e d  t o  t he  15-20 cm. s o i l  zone t han 
t o  t h e  upper  few i n ch e s  o f  s o i l .  The data  i s  i n s u f f i c i e n t  
t o  d e m o n s t r a t e  t he  e s s e n t i a l i t y  o f  s e l e n i u m ,  as j udged  by 
pi  a n t : s o i l  r a t i o s ,  due t o  t he  n e a r l y  co mp l e t e  u n c e r t a i n t y  
o f  s e l e n i u m ' s  b i o a v a i l a b i l i t y  per  s i t e  w i t h  t i m e ,  r e g a r d ­
l e s s  o f  t he  p l a n t  s p e c i e s  c o n s i d e r e d .  H o p e f u l l y ,  f u t u r e  
s t u d i e s  can empl oy  a more a c c u r a t e  and r e l i a b l e  EDL-H^Se 
AA sys t em ( 1 7 7 ) .  I t  does appear  t h a t  t he v e g e t a t i o n ,  
c o n s i d e r e d  by p o l l u t i o n  c a t e g o r y ,  c o n t a i n s  h i g h e r  s e l en i um 
l e v e l s  n e a r e r  t h e  s m e l t e r  t han  f a r t h e r  f r om i t .  However ,  
t he  r e l a t i v e  amount  o f  b i o l o g i c a l l y  bound,  e . g . ,  se l enoami no  
a c i d s  i n  p r o t e i n s ,  vs .  s u r f a c e  c o n t a m i n a t i o n  ( e . g . ,  d u s t ,  
e m i t t e d  p a r t i c u l a t e  f o r ms )  are  unknown.  These f a c t o r s  
sh o u l d  be c o n s i d e r e d  i n f u t u r e  s t u d i e s  when a t t e m p t i n g  to 
e v a l u a t e  t he  r e l a t i v e  ma gn i t u d e s  o f  t he  v a r i o u s  se l en i um 
s o u r c e s ,  and t h e i r  i n f l u e n c e s  upon,  t he  observed  p l a n t  
s e l e n i u m  l e v e l s .
F l o r a l  S u l f u r  and F l u o r i n e  Con t en t
The r e s u l t s  g i v e n  i n  Tab l e  26 i m p l y  w i des p r ead  c o n ­
t a m i n a t i o n  o f  t he  s t u d y  area by s u l f u r ,  e . g . ,  s i t e  no.  13 
was near  t he  summi t  o f  MacDonald Pass (see Append i x  I ) ;
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t he  o b s e r v e d  s u l f u r  l e v e l s  a r e  above t he  expec t ed  background 
range o f  350 t o  450 ppm ( 1 7 8 ) .  However ,  s i n c e  s u l f u r  i s  
r a p i d l y  t r a n s l o c a t e d  t h r o u g h  a g i v e n  p l a n t  biomass i n t o  
t he  r o o t  t i s s u e ,  t he  r e l a t i v e  ( o r  s i t e - s p e c i f i c )  i mpac t  i s  
d i f f i c u l t  t o  d e t e r m i n e  f rom t he  l i m i t e d  d a t a ,  even i f  t he  
same s p e c i e s  had been a v a i l a b l e  a t  each o f  t he  above sample 
s i t e s .
Tab l e  28 c l e a r l y  i n d i c a t e s  an o v e r l a p  ( a t  p=0 . 05)  
between t he  f i r s t  two s p e c i e s .  Th i s  sugges t s  t h a t  no 
j u s t i f i a b l e  c o n c l u s i o n s  abou t  t he r e l a t i v e  f l u o r i n e  i mpac t  
between t he  E. Helena s i t e s  can be made,  e s p e c i a l l y  g i ven  
t he  l i m i t e d  sample s i z e s / s p e c i e s  u t i l i z e d  p l us  t he gener a l  
absence o f  sampl es f r om t he " h e a v i l y  p o l l u t e d "  s i t e  c a t e ­
g o r y .  B l uebunch  wh e a t g r a s s  appears  t o  c o n t a i n  s l i g h t l y  
more f l u o r i n e  i n  t he  p r e s e n t  s t u d y  area ( v s .  t h a t  f ound 
f o r  t h i s  s p e c i e s  a t  Col  s t r i p ) .  The c h e a t g r a s s  and mus ta rd  
sample s i z e s  were t oo  spa r s e  to compare between t he East  
Helena and Col  s t r i p  sample a r e a s .
The c ompa r i s o n s  o f  means vs.  s t a n d a r d  e r r o r ( s )  a t  t he 
99.7% c o n f i d e n c e  i n t e r v a l  g i v e n  i n Tab l e  29 r e v ea l  t h a t  a 
s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between t he f l u o r i d e  means/  
s p e c i e s  t aken  f r om t he  two sample a r e a s .  I t  i s  i n t e r e s t i n g  
t o  no t e  t h a t  a somewhat  i m p l a u s i b l e  r ^  va l u e  o f  1 .0  was 
computed f o r  t he  c ompar i son  o f  f l u o r i n e  to s e l e n i u m c o n t e n t  
i n  r a b b i t b r u s h ,  s u g g e s t i n g  t h a t  f u t u r e  s t u d i e s  m i g h t  a p p l y  
t h i s  s p e c i e s  i n a b i o l o g i c a l  m o n i t o r i n g  program o f  s m e l t e r
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e m i s s i o n s .  The c o m p l e t i o n  o f  t he  d o u b l e - c o n t a c t  H^SO^ 
p r o d u c t i o n  f a c i l i t i e s  by Augus t  1 s t ,  1977 has been c l a i me d  
t o  e l i m i n a t e  any p r ob l ems  a r i s i n g  f r om the e m i s s i o n  o f  
t hese  2 e l e men t s  ( i n t o  t he  amb i en t  a i r )  as t hey  o c c u r  a t  
p r e s e n t ,  a l t h o u g h  t h i s  r emai ns  t o  be seen ( C . 4 ) .  Given 
t he  a p p a r e n t l y  e l e v a t e d  (above " b a c k g r o u n d " )  s e l e n i u m and 
f l u o r i n e  l e v e l s  i n  t he  v e g e t a t i o n  w i t h i n  a m i l e  t o  a m i l e  
and a h a l f  r a d i u s  o f  t he  i n d u s t r i a l  s i t e ,  p e r i o d i c  ( e . g . ,  
e v e r y  two weeks)  d e t e r m i n a t i o n  o f  t hese  e l ement s  i n  t he  
amb i en t  a i r  ( w i t h  an u l t r a  f i l t e r - d i l u t e  l ead a c e t a t e  t r a p )  
u s i n g  e i t h e r  H^Se-AAS o r  n e u t r o n  a c t i v a t i o n  a n a l y s i s  ( 179)  
t e c h n i q u e  i n t he  f o r m e r  case and s t a n d a r d  f l u o r i d e - i o n  
e l e c t r o d e  me t h o d o l o g y  i n  t he  l a t t e r  case shou l d  be i m p l e ­
mented as soon as p o s s i b l e .  The r e s u l t s  o f  t he  p r e s e n t  
s t u d y  i m p l y  t h a t  s e l e n i u m ,  and p o s s i b l y  f l u r o i n e ,  e x i s t  
as p o t e n t i a l  h e a l t h  p r ob l ems  t o  t he  r e s i d e n t s  o f  East  
Helena and sh o u l d  be i n v e s t i g a t e d  more t h o r o u g h l y  i n  f u t u r e  
s t u d i e s  o f  t he s e  e l emen t s  i n  t h i s  a r ea .
CHAPTER V I I  
SUMMARY AND CONCLUSIONS
The s t u d y  area f o r  t h i s  r e p o r t  was l o c a t e d  w i t h i n  
t he i n t e r m o u n t a i n  Helena V a l l e y ,  b o r de r e d  to t he west  by 
t he Rocky Moun t a i n  Chain and by t he  Big B e l t  Moun t a i ns  to 
t he  e a s t .  The b a s i n  i s  l a r g e l y  f i l l e d  w i t h  s i l t  and c l a y  
o f  a l l u v i a l - c o l l u v i a l  o r i g i n  o f  T e r t i a r y  or  Qu a t e r n a r y  age.
A m o d i f i e d  C o n t i n e n t a l  t y pe  c l i m a t e  e x i s t s ,  w i t h  p r e v a i l i n g  
w i nds  m a i n l y  (45% o f  t he  y e a r )  f r om t he  s o u t h wes t  t h r o u g h  
n o r t h w e s t ;  s t r o n g  f a l l  and w i n t e r  t e m p e r a t u r e  i n v e r s i o n s  
a r e  a l s o  f r e q u e n t ,  a l l o w i n g  p o l l u t a n t  f u m i g a t i o n  p e r i o d s  
t o  o c c u r  i n  t he  g e n e r a l  a r e a .  Of t he 14 t o t a l  sample 
s i t e s ,  13 were l o c a t e d  i n f o o t h i 11s - p r a i r i e  t o s h o r t g r a s s  
s t eppe  ecosys t ems g r ow i n g  i n  c a 1c i m o r p h i c , w e l l - a e r a t e d ,  
a l k a l i n e  (pH range o f  u n d i s t u r b e d  areas  i s  7 . 5 - 8 . 5 )  chernozem 
s o i l  t y p e .  The s i t e  no.  13 was l o c a t e d  a t  MacDonald Pass,  
( a b o u t  17 a i r  m i l e s  s o u t h w e s t  o f  t he s m e l t e r )  i n  an Eng l e -  
mann s p r u c e - s u b a 1 pi  ne f i r  e n v i r o n m e n t ,  g r owi ng  i n a g r a y -  
wooded s o i l  t y p e .  A c c o r d i n g  t o  J .  Kubo t a ,  ejt , t he  
f o r a g e  v e g e t a t i o n  o f  t he  s t u d y  area was expec t ed  to c o n t a i n  
" v a r i a b l e "  amounts o f  s e l e n i u m  ( i . e . ,  a p p r o x i m a t e l y  50% o f  
a l l  f o r a g e  f l o r a  has a t  l e a s t  0.1 ppm s e l e n i u m ) ,  a l t h o u g h  
i s o l a t e d  cases o f  s e l e n i f e r o u s  f l o r a  are  known n o r t h  o f
11 9
120
t h i s  s t u d y ' s  a r e a .  C a l c u l a t i o n s  based upon known c o n c e n ­
t r a t i o n s  o f  s e l e n i u m  i n  t he  v a r i o u s  g e o l o g i c  p a r e n t  
m a t e r i a l  and s o i l s  ( f o r med on such p a r e n t  m a t e r i a l s )  p l us  
f l o r a  s i m i l a r ,  i f  no t  i d e n t i c a l ,  t o  t hose  found i n  t he  
Helena V a l l e y  a r r i v e d  a t  " e x p e c t e d "  o r  " b ack g r o u n d "  ranges 
o f  0 . 0 9 - 0 . 1 5 ,  0 . 0 5 - 0 . 6 0  and 0 . 0 1 - 1 . 0 0  ppm f o r  t hese  c a t e ­
g o r i e s  r e s p e c t i v e l y .
The Amer i can  S m e l t i n g  and R e f i n i n g  Company,  now ASARCO 
I n c . ,  has o p e r a t e d  a custom l ead  s m e l t e r  i n East  Helena 
s i n c e  1899.  In t he  p r o d u c t i o n  o f  t he  l ead  b u l l i o n ,  t he  
s l a g  i s  se n t  t o  t he  Anaconda Company' s (now a s u b s i d i a r y  
o f  t he  A t l a n t i c  R i c h f i e l d  Co. )  f a c i l i t y  where z i n c  o x i d e  
i s  r e c o v e r e d ;  some o f  t h i s  i s  u t i l i z e d  by t he Amer i can 
Chemet Co . ,  a p i gmen t  p r o d u c e r  a l s o  p r e s e n t  i n  t h i s  
i n d u s t r i a l  comp l ex .  ASARCO's o p e r a t i o n s ,  v i ewed f rom an 
h i s t o r i c a l  p e r s p e c t i v e ,  have no t  a d e q u a t e l y  d e a l t  w i t h  
t h e i r  a i r  p o l l u t a n t  e m i s s i o n s ,  e . g . ,  s u l f u r  o x i d e s ,  heavy 
m e t a l s ,  m e t a l l o i d s  ( a r s e n i c )  and l ow amounts o f  f l u o r i n e .  
P r e v i o u s  s t a t e  and f e d e r a l  s t u d i e s  have de mons t r a t ed  
e l e v a t e d  l e v e l s  o f  l e a d ,  z i n c ,  cadmium and a r s e n i c  i n  t he 
upper  4" o f  s o i l ,  e s p e c i a l l y  w i t h i n  a 2 to 5 m i l e  r a d i u s  
o f  t he  s m e l t e r  f a c i l i t y .  Due t o t he e a s t  o f  i s o m o r p h i c
o
r e p l a c e m e n t  o f  s u l f i d e  i on  ( 1 . 8 4  A i o n i c  r a d i u s )  by
o
s e l e n i d e  i on  ( 1 . 9 8  A r a d i u s )  i n  t he  c r y s t a l l i n e  s t r u c t u r e  
o f  m i n e r a l  s u l f i d e  o r es  wh i ch  t he  company p r o c e s s e s ,  i t  
was h y p o t h e s i z e d  t h a t  s e l e n i u m was a l s o  be i ng e m i t t e d ,  i n
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l ow amounts r e l a t i v e  t o  SO , d u r i n g  t he  s m e l t i n g  p r o c e s s .  
C o n v e r s a t i o n s  w i t h  t h e  company manager  r e v e a l e d  t h a t  a 
mass b a l a n c e  s t u d y  had been comp l e t ed  f o r  t he s m e l t e r ,  
i n c l u d i n g  a 40 l b s . / m o n t h  r e l e a s e  f rom t he main s t a c k ,  
t hus  s u b s t a n t i a t i n g  t he  above i d e a .  C a l c u l a t i o n s  i n v o l v i n g  
a number o f  a s s u mp t i o n s  ( e . g . ,  known,  but  v a r i a b l e  Se:S 
geochemi ca l  r a t i o s  i n  such o r e s ,  and known,  bu t  v a r i a b l e ,
SO2  e m i s s i o n s  f r om ASARCO ove r  t he more t han 87 yea r s  o f  
o p e r a t i o n )  o b t a i n e d  an average  s t a c k  e m i s s i o n  r a t e  o f  
17 l b s . / m o n t h  ove r  t he  p l a n t ' s  l i f e t i m e .  The t o t a l  i mpac t  
to t he  s u r r o u n d i n g  s o i l  i s  d e t e r m i n e d  by t he plume d i s t r i ­
b u t i o n  p a t t e r n ;  t hus  expec t ed  s u r f a c e  s o i l  (0=4"  d e p t h )  
s e l e n i u m l e v e l s  were c a l c u l a t e d  t o  range up to 22 ppm, 
assumi ng a 4 s q u a r e - m i l e  p a t t e r n  as i s  t he case f o r  
a r s e n i c ' s  maximum i m p a c t ,  t o  3 . 7  ppm i f  a p a t t e r n  more 
s i m i l a r  t o  cadmi um' s  ( i . e . ,  100 square  m i l e s )  i s  assumed.  
D e t a i l e d  c a l c u l a t i o n s  a r r i v i n g  a t  t hese  f i g u r e s  are  g i v en  
i n  C h a p t e r  I I .  I t  s h o u l d  be no ted  t h a t  t hese  are c u mu l a ­
t i v e  c o n c e n t r a t i o n s ,  i g n o r i n g  t he  o b v i o u s l y  p r e s e n t  
p r o c e s s e s  o f  l e a c h i n g ,  e r o s i o n  and v o l a t i l i z a t i o n  over  t he  
t o t a l  y e a r s  o f  e m i s s i o n .
The r e s u l t s  o f  t he  l i t e r a t u r e  search  r e v e a l e d  t h a t  
s e l e n i u m  i s  u s u a l l y  e m i t t e d  f r om s t a c k s  i n t he e l e me n t a l  
f o r m ,  m o s t l y  as p a r t i c l e s  h a v i n g  d i a m e t e r s  l ess  t han 0.1 
pm. Th i s  p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  i m p o r t a n t  because 
o f  t h e i r  a b i l i t y  t o  be d e p o s i t e d  i n  t he  pu l monar y  r e g i o n
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i n  t h e  l u n g s .  In g e n e r a l ,  a q u a t i c ,  a t m o s p h e r i c  and s o i l  
s t u d i e s  c o mp l e t e d  around s e l e n i u m - e m i t t i n g  sources  show 
t h a t  e l e v a t e d  l e v e l s  o f  t h i s  e l emen t  are l i m i t e d  to an 
ave r age  r a d i u s  o f  3 m i l e s  f rom t he  so u r ce .  An emi s s i on  
r a t e  o f  9 ppm f rom an e l e c t r i c a l  g e n e r a t i o n  f a c i l i t y  was 
i n c a p a b l e  o f  p r e v e n t i n g  a s e l e n i u m - d e f i c i e n c y  d i s e a s e  i n 
c a t t l e  t h a t  g r azed  a p p r o x i m a t e l y  7 .5  m i l e s  f rom t h i s  
s e l e n i u m  s o u r c e .  Assuming l i n e a r i t y  i n  t he f a l l o u t  p a t t e r n ,  
and g i v e n  t he  ASARCO's s e l e n i u m e m i s s i o n  r a t e  i s  abou t  2 ppm, 
t hen an e s t i m a t e d  i mpa c t  a rea o f  1 .7  m i l e  r a d i u s  was c a l ­
c u l a t e d .  Thus s e l e n i u m  a c c u m u l a t i o n s  i n  ecosys tems shou l d  
be a v e r y  l o c a l i z e d  p r ob l em compared t o  t he  SO^- ac i d  r a i n  
e f f e c t s  wh i ch  l a r g e l y  pervade ove r  t he s o u t h e r n  end o f  
t he Helena V a l l e y .  The s o i l  c h e m i s t r y  i s  such t h a t  a 
p o r t i o n  o f  t he  p r e c i p i t a t e d  s e l e n i u m woul d  be c o n v e r t e d  to 
a b i o l o g i c a l l y  a v a i l a b l e  f o r m ,  e . g . ,  s e l e n a t e  i on whi ch 
c o u l d  be i n c o r p o r a t e d  i n t o  p l a n t  t i s s u e s .  The r a t e  o f  
s e l e n a t e  a b s o r p t i o n  i s  a f u n c t i o n  o f  s u l f a t e ,  f e r r i c  i on 
and c a l c i u m  i on  c o n c e n t r a t i o n s  p l us  r edox-pH i n t e r a c t i o n s .  
P l a n t  s p e c i e s  r espond  t o  s e l e n a t e  i o n ,  as we l l  as to wa t e r  
s o l u b l e  o r g a n i c  f o r m s ,  i n a v a r i a b l e  manner ,  l a r g e l y  as 
a f u n c t i o n  o f  t h e i r  i n d i v i d u a l  s u l f u r  r e q u i r e m e n t s ,  e . g .  
c r u c i f e r s  > l egumes > c e r e a l  g r a i n s  > n a t i v e  g r a s s e s .  An 
i n t e r e s t i n g  p h y s i o l o g i c  gr oup  o f  s e l e n i u m r e q u i r i n g  (known 
as o b i i g a t e - a c c u m u l a t o r  ) s p e c i e s  a r e  a l s o  known,  e . g ,  t he 
t w o - g r o o v e d  m i l k  v e t c h ,  A s t r a g a l u s  b i s u l c a t u s  whi ch does
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e x i s t  I n s c a t t e r e d  l o c a t i o n s  w e l l  n o r t h  o f  t he p r e s e n t  
s t u d y  a r e a .  Such f l o r a  a r e  c apab l e  o f  c o n v e r t i n g  the 
u s u a l l y  u n a v a i l a b l e  e l e m e n t a l  f o rm t o  an a v a i l a b l e  one,  
o f t e n  a c c u m u l a t i n g  l e v e l s  i n t he  1000-5000 ( o r  more)  ppm 
r ange .  Seconda r y ,  o r  f a c u l t a t i v e ,  f l o r a  i n h a b i t  t he s t ud y  
a r e a ,  b e i n g  r e p r e s e n t e d  by cur l  cup gumweed, G r i n d e l i a 
s q u a r r o s a  and r u b b e r  r a b b i t b r u s h ,  Chrysothamnus nauseosus ; 
a more c omp l e t e  t a b u l a t i o n  may be found i n  Tab l e  3.
Thus,  g i v e n  t he  ge n e r a l  background m a t e r i a l  d i s c u s s e d  
i n t he  second c h a p t e r ,  t he  o p e r a t i n g  h y p o t h e s i s  was 
de ve l o p e d  t h a t  t he  f o l l o w i n g  had o c c u r r e d  i n t he s t u d y  
a r ea :  ( 1 )  e l e v a t e d  s e l e n i u m  l e v e l s  e x i s t e d  i n  t he upper
10 cm. o f  t he  s o i l  p r o f i l e s  l o c a t e d  w i t h i n  a m i l e  to 2 
m i l e  r a d i u s  o f  s m e l t e r  o p e r a t i o n s ,  (2)  t o t a l  s o i l  s u l f u r  
would i n c r e a s e ,  w h i l e  pH would dec r ease  w i t h  d e c r e a s i n g  
d i s t a n c e  t o  t he  s t a c k ,  ( 3 )  due t o  p r o p o s a l  ( 1 ) ,  an e l e ­
va t ed  f l o r a l  s e l e n i u m  c o n t e n t  s h o u l d  be observed  w i t h i n  
t h i s  same r a d i u s ,  a l t h o u g h  i t  was and r emai ns  u n c e r t a i n  
how t he  r e l a t i o n s h i p s  among t he  my r i ad  o f  i n t e r a c t i n g  
s o i l  f a c t o r s  i n f l u e n c e  t he  p l a n t - s o i l  sys tem.
A f t e r  s t a t i n g ,  i n  d e t a i l ,  t he  s a m p l i n g ,  a n a l y t i c  and 
s t a t i s t i c a l  methods employed i n  t he  s t u d y ,  t he r e s u l t s  are 
g i v e n  i n  C h a p t e r  V. The c a t a l y t i c  method f o r  se l en i um 
a n a l y s i s  and t he  t u r b i d i m e t r i c  d e t e r m i n a t i o n  o f  s u l f a t e  
c o n c e n t r a t i o n  bo t h  produced u n s a t i s f a c t o r y  r e s u l t s ,  as 
d i s c u s s e d  i n  Ap pe n d i x  I I I .  The main body o f  s o i l  and p l a n t
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s e l e n i u m  a n d / o r  s u l f u r  a n a l y s e s  u t i l i z e d  hydrogen s e l e n i d e -  
a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y  f o r  s e l e n i u m and t he  Leco 
i n d u c t i o n  f u r n a c e  method f o r  s u l f u r ,  w i t h  a c c e p t a b l e  
r e s u l t s .
Ch a p t e r  V i s  an i n t e r m i x  o f  da t a  p r e s e n t a t i o n  v i a  
t a b l e s ,  h i s t o g r a m s  and gr aphs  w i t h  accompany ing n a r r a t i v e  
t o  p r o v i d e  t he  r e a d e r  w i t h  a ge n e r a l  o v e r v i e w  o f  t he 
r e s u l t s .  A number o f  t r e n d s  can be s t a t e d :  (1)  t he  s u r f a c e  
( 0 . 5  cm. sample d e p t h )  s e l e n i u m c o n c e n t r a t i o n  dec reases  
w i t h  i n c r e a s i n g  d i s t a n c e  f r om the s t a c k  (see Tab l e  1 0 ) ,  
w i t h  h i g h e r  l e v e l s  b e i n g  obse r ved  “ downwind"  vs.  " upw i nd "  
s i t e s  a t  a g i v e n  d i s t a n c e  f rom t he s ou r ce .  I t  was de c i ded  
t h a t  t he  1 . 24 ^  0 . 33  ppm range obser ved  a t  t he 3 s t a t i o n s  
w i t h i n  a m i l e  r a d i u s  o f  t he  s m e l t e r  was i n  anomalous excess 
o f  t he  0 . 3 5 - 0 . 4 5  ppm range f ound i n  u n d i s t u r b e d  chernozem 
s o i l s ,  ( 2)  s i m i l a r  r e s u l t s  were o b t a i n e d  f o r  s o i l  s u l f u r  
a t  bo t h  d e p t h s ,  a l t h o u g h  s a mp l i ng  e r r o r  ( i n  t erms o f  s i t e  
s e l e c t i o n ,  e . g . ,  s i t e  no.  14,  Townsend,  Montana)  p l us  
i n t r i n s i c  a n a l y t i c  i m p r e c i s i o n  o f  t he  Leco method c a s t  
do u b t  on t he  l e v e l  o f  a c c u r a c y  o f  t he  r e s u l t s .  C e r t a i n l y  
t he  t r e n d  g i v e n  i n  Tab l e  12 e x i s t s ,  p r o b a b l y  be i ng  w i t h i n  
10% o f  t he t r u e  v a l u e s ,  (3)  t he  s u r f a c e  pH appears  t o  be 
l o we r e d  ab ou t  % u n i t  f r om t he  exp ec t e d  7 . 5 - 8 . 5  range 
w i t h i n  a m i l e  o r  so r a d i u s  o f  t he s t a c k  (see Tab l e  12) 
w i t h  " r e c o v e r y "  i n  t he  " n o r m a l "  r ange o u t s i d e  t h i s  a r ea .
The l o c a l  a c i d i f i c a t i o n  p r o b a b l y  a r ose  f rom t he d e s t r u c t i o n
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o f  t he  s o i l ' s  b u f f e r i n g  c a p a c i t y  w i t h  t i m e .  O v e r a l l ,  t he 
s u b s u r f a c e  pH i s  s p a t i a l l y  v a r i a b l e ,  w i t h  a p o s s i b l e  
dec r e a se  w i t h  i n c r e a s i n g  d i s t a n c e  f rom the s m e l t e r .  I t  
was b e l i e v e d  t h a t  t h i s  was due to t he  i n h e r e n t  v a r i a t i o n  
i n base i on  c o n t e n t  between the s o i l  s e r i e s  e x i s t i n g  i n 
t he  s t u d y  a r e a ,  (4)  Tab l es  21 and 22 i m p l y  t h a t  f l o r a  
s e l e n i u m  c o n t e n t  i n c r e a s e d  w i t h  d e c r e a s i n g  d i s t a n c e  f rom 
t he  s t a c k .  I t  was a l s o  more c l o s e l y  a s s o c i a t e d  w i t h  t he 
s u b s u r f a c e  ( 1 5 - 2 0  cm. sample d e p t h ) - r o o t  zone s o i l  s e l en i um 
l e v e l s .  I n s p e c t i o n  o f  t he  w h i t e  sp r uce  data f rom s i t e  no.  
2,  Kennedy Pa r k ,  r e v e a l s  t he  p o s s i b i l i t y  o f  s e l e n i u m accum­
u l a t i o n  w i t h  t i m e .  F u g i t i v e  d u s t  c o u l d  a l s o  be the source  
o f  t h i s  a p p a r e n t  r i s e  i n  s e l e n i u m c o n c e n t r a t i o n  s i n c e  t he 
p l a n t  m a t e r i a l  was no t  washed b e f o r e  a n a l y s i s .
I n s p e c t i o n  o f  t he  r e l e v a n t  h i s t o g r a m s  and t h e i r  
n u m e r i c a l  i n t e r p r e t a t i o n  p l u s  t he  r e g r e s s i o n  c a l c u l a t i o n s ,  
d i s c u s s e d  i n Ch a p t e r  VI l ead  to t he  f o l l o w i n g  c o n c l u s i o n s  
( f o r  p < . 0 0 1 ) :  ( 1 )  an ungrouped s u r f a c e  s o i l  se l en i um
mean o f  0.81 ppm vs .  0 . 39  ppm f o r  t he l ower  sample d e p t h ,  
w i t h  a r ^  v a l u e  o f  0 . 9 9 8 ,  i m p l y i n g  a h i gh  degree o f  a s s o ­
c i a t i o n  between t he  two p a r a m e t e r s ;  t he  d i f f e r e n c e  between 
t he  two sample means was a l s o  h i g h l y  s i g n i f i c a n t .  Because 
o f  t he  b i a s  i n h e r e n t  i n  t he  s t r a t i f i e d  sample des i gn  
p r e s e n t  i n  t he  s t u d y ,  t he  degree  to wh i ch  the s u r f a c e  s o i l  
s e l e n i u m  has been r a i s e d  by i n d u s t r i a l  a c t i v i t y  above t he 
e x p e c t e d  backgr ound  l e v e l s  can no t  be q u a n t i f i e d  g i ven  t he
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l i m i t e d  da t a  base,  (2)  an ungrouped s u r f a c e  s o i l  s u l f u r  
mean o f  572 ppm vs .  333 ppm f o r  t he  15-20 cm. d e p t h ,  w i t h  
a r ^  v a l u e  o f  0 . 9 9 5 ,  ag a i n  i m p l y i n g  a s i g n i f i c a n t  a s s o ­
c i a t i o n  between sample d e p t h s .  The d i f f e r e n c e  between 
sample means ( i . e . ,  0-5 cm. vs.  15-20 cm. )  was a l s o  
s i g n i f i c a n t  a t  p < . 001.  The s o i l  s e l e n i u m vs.  s o i l  
s u l f u r  r e g r e s s i o n  c a l c u l a t i o n  r e v e a l e d  o n l y  a s l i g h t  
causa l  r e l a t i o n s h i p  between the two e l e m e n t s ,  be i ng  some­
what  g r e a t e r  a t  t he  s u r f a c e ,  (3)  an ungrouped s u r f a c e  pH 
mean o f  7 . 50  vs.  7.91 f o r  t he l o we r  d e p t h ,  where both  
a s s o c i a t i o n  between dep t hs  and t he  d i f f e r e n c e  between 
means was h i g h l y  s i g n i f i c a n t .  A p p a r e n t l y ,  s o i l  se l e n i um 
c o n t e n t  and pH ar e  more c l o s e l y  r e l a t e d ,  e s p e c i a l l y  a t  
t he  upper  sample zone t han are  s o i l  s u l f u r  and pH a t  
e i t h e r  dep t h  (see Tab l e  2 0 ) ,  (4)  t he f l o r a  s e l e n i u m had 
a range o f  0 . 40  + .26 ppm, wh i ch  when compared to t he 
" a d e q u a t e "  and " v a r i a b l e "  n u me r i c a l  data  i n Tab l e  5 i m p l i e s  
t h a t  a s h i f t  f r om " v a r i a b l e "  t o  " a d e q u a t e "  p l a n t  se l en i um 
c o n t e n t  has o c c u r r e d ;  a g a i n ,  t h i s  c o u l d  be a produce o f  
t he  s a mp l i n g  b i a s  p r e s e n t  i n  t he s t u d y .  I t  has been c a l ­
c u l a t e d  t h a t  a n o t h e r  2360 samples must  be ana l yzed  b e f o r e  
t he  sample mean c o u l d  be r e l a t e d  t o  t he  p o p u l a t i o n  mean 
a t  t h e  9 5% c o n f i d e n c e  i n t e r v a l .  The r ^  va l ues  f o r  r a b b i t ­
b r ush  vs .  d i s t a n c e  and b l uebunch  wh e a t g r a s s  vs.  d i s t a n c e  
showed c o r r e l a t i o n s  o f  0 . 992  and 0 .986  r e s p e c t i v e l y ,  (5)  
r e g r e s s i o n  a n a l y s i s  between p l a n t  s e l e n i u m c o n t e n t  and the
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above s o i l  p a r a me t e r s  r e v e a l e d  ( Ta b l e  25) t h a t :  (a)  a 
g r e a t e r  r e l a t i o n s h i p  e x i s t e d  between t he  r o o t  zone 
s e l e n i u m  c o n t e n t  and p l a n t  s e l e n i u m  c o n t e n t  t han between 
the  l a t t e r  and s u r f a c e  s e l e n i u m l e v e l s .  Th i s  i m p l i e d  
t h a t  more s e l e n i u m  has been absorbed by t he  p l a n t s  t han 
s i m p l y  adsorbed on s u r f a c e  t i s s u e  f rom d u s t  and a t mos ­
p h e r i c  f a l l o u t ,  (b)  a s l i g h t l y  h i g h e r  r e l a t i o n s h i p  e x i s t s  
between r o o t  zone s o i l  s u l f u r  and p l a n t  se l e n i u m than 
f o r  s u r f a c e  s u l f u r  and p l a n t  s e l e n i u m ,  r a i s i n g  t he pos ­
s i b i l i t y  o f  c o m p e t i t i v e  i on a b s o r p t i o n  mechan i sm(s)  
o c c u r r i n g  i n  t he  " i n n e r  space"  o f  t he r o o t  h a i r s ,  ( c )  t he 
a p p r o x i m a t e l y  p r o p o r t i o n a l  r esponse between r o o t  zone pH 
and p l a n t  s e l e n i u m ,  i . e . ,  as t he  pH i n c r e a s e s ,  so does 
p l a n t  s e l e n i u m  c o n t e n t ,  as p r e d i c t e d  f rom Chapt er  I I .
The d i f f e r e n c e  i n  sample means f o r  Col s t r i p  vs.  East  
Helena f l u o r i n e  c o n t e n t  i n  snake broomweed,  r a b b i t b r u s h  
and b l uebunch  w h e a t g r a s s  was s i g n i f i c a n t  a t  t he 99.7% 
c o n f i d e n c e  i n t e r v a l .  A " p e r f e c t "  a s s o c i a t i o n  ( r ^ = l )  
between f l u o r i n e  and s e l e n i u m  c o n t e n t  i n r a b b i t b r u s h  was 
r e c o r d e d ,  wh i ch  c o u l d  a l s o  be c o r r e l a t e d  w i t h  d i s t a n c e  
f r om t he  s m e l t e r  s i t e .  I t  was sugges t ed  t h a t  f u t u r e  
b i o l o g i c a l  m o n i t o r i n g  p r o j e c t s  f o r  t hese  two e l ement s  
u t i l i z e  t h i s  s p e c i e s  s i n c e  i t  i s  so p e r v a s i v e  i n t he 
s t u d y  a r ea .
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CONTENT FOOTNOTES
C . l .  C a l c u l a t e d  by t he  f o l l o w i n g ;  (a)  assume t h a t  3 / 4 ' s 
o f  t he  f o u r  square  m i l e  area w i l l  have an 
aver age  d e p o s i t i o n  r a t e  o f  ( 1 . 0  + 3 . 9 ) / 2  mg. 
per  m^ .mont h ,  (b)  assume t h a t  the r ema i n i n g  
o n e - f o u r t h  o f  t he i mpac ted  area w i l l  have an 
av e r age  d e p o s i t i o n  r a t e  o f  ( .01 + , 0 9 ) / 2  mg. 
per  m2-month.  The we i gh t ed  average g i ven  in 
t he  t e x t  i s  t hus  t he sum o f  t he va l ues  c a l c u l a t e d  
i n  (a)  and ( b ) .
C.2.  C i t e d  i n  O.A.  Beath e t  a l .  Se l en i um I n d i c a t o r  
P l a n t s .  Am. J o u r ,  o f  B o t . 2 8 ( 1 0 ) : 8 8 7 - 9 0 0 .  
U n f o r t u n a t e l y ,  t he pages t h a t  g i v e  t he Montana 
data  have been removed f rom the a r t i c l e ,  t hus 
see source  no.  97 f o r  t he p e r t i n e n t  a n a l y t i c  
r e s u l t s .
C.3.  I b i d .
C.4.  Gleaned f r om pe r s o n a l  c o n v e r s a t i o n  w i t h  S t a n l e y  Lane,  
g e n e r a l  manager ,  and Bob Wagner,  ASARCO a s s i s t ­
a n t ,  on December 21,  1976.  A l s o ,  see the r e v i e w  
i n  t he Helena I n dependen t  Reco r d ,  3 / 6 / 7 7 ,  pp.
22-3  where i t  was s t a t e d  t h a t  t he s t ack  emi ss i ons  
o f  s u l f u r  o x i d e s  woul d  be reduced to  l ess  than 
500 ppm ( 0 . 0 5 %) ;  t h i s  i s  c o n t r a s t e d  by Tony 
C u c u l i c ' s  remark t h a t  a l l ,  " y o u ' l l  see coming 
f r om t he  s t a c k  a f t e r  Augus t  w i l l  be wa t e r  v a p o r . "  
F u g i t i v e  d u s t  f r om bot h  t he ore  and coal  s t o r a g e  
a r eas  p l u s  t hose  r e l e a s e d  d u r i n g  s l ag  dumping 
w i l l  c o n t i n u e  a f t e r  c o m p l e t i o n  o f  t he ac i d  
p r o d u c t i o n  f a c i l i t y  i n  Augus t ,  1977.  The p o t e n ­
t i a l l y  adve r se  h e a l t h  e f f e c t s  due to t h e i r  heavy 
m e t a l - m e t a l l o i d  c o n t e n t  c o u l d  remain a probl em 
i n  t h e  f u t u r e ,  t hus  p e r i o d i c  m o n i t o r i n g  o f  
s e l e n i u m  c o n t e n t  i n  bo th  u r i n e  and h a i r  i n s m e l t e r  
wo r k e r s  and East  Helenans (compared to a " c o n t r o l "  
g r o u p ,  e . g .  Bozeman) i s  recommended f o r  f u t u r e  
s t u d y .
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APPENDIX I ,  GEOGRAPHIC SI TE DESCRIPTIONS
T h i s  s e c t i o n  g i v e s  a gene r a l  b i o g e o g r a p h i c a l  ske t ch  
o f  each sample s i t e ,  u t i l i z i n g  sources  ( 1 2 7 ) ,  ( 1 34 - 6 )  f o r  
s o i l s  and ( 1 2 9 ) ,  ( 130)  p l u s  R.L.  Ross and H.E.  H u n t e r ' s  
C l i max  V e g e t a t i o n  o f  Montana,  Based on S o i l s  and C l i ma t e  
(USDA, ses ,  Bozeman,  MT. ,  6 / 7 6 )  f o r  f l o r a .  The p h o t o ­
g r aphs  are  i n c l u d e d  to g i v e  t he  r eade r  a f e e l  f o r  t he 
g e n e r a l  s t u d y  a r e a ,  e s p e c i a l l y  i n  r e f e r e n c e  to the s m e l t e r  
f a c i l i t i e s .  Compass b e a r i n g s  were t aken w i t h  a P o l a r i s  
" s c o u t "  mode l ,  t hus  are o n l y  a p p r o x i ma t e  d i r e c t i o n s .
S i t e  ( 1 ) : A p p r o x i m a t e l y  1 1/2 m i l e s  west  o f  t he ASARCO 
s t a c k  ( b e a r i n g  ^  i t  was N85E) about  300 f t .  south 
o f  t he  Montana Power Company s u b s t a t i o n ;  near  t he 
i n t e r s e c t i o n  o f  t he " r a i l r o a d "  t e l e p h o n e  and MPC 
p o w e r l i n e s .
P h y s i o g r a p h y : G e n t l y  r o l l i n g  l a n d ,  e l e v a t i o n  app r ox .  3850 f t
V e g e t a t i o n  : F o o t h i l l s  p r a i r i e ,  w i t h  a phys iognomy o f  open 
t o  medium c o v e r  ( 85 - 90%) .  S h o r t g r a s s  s teppe domi na t ed  
by A g r o p y r o n  spp.  w i t h  l e s s e r  amounts o f  B o u t e l o u a , 
O p u n t i a , " CTrs i um and Chrysothamnus s p e c i e s .
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S o i l ( s ) : Be r t h ou d  St ony  Loam ( 1 947 ) o r  Mussel  s h e l l - T i n a l  
loam w i t h  a l i g h t ,  d i s c o n t i n u o u s  l i t t e r  l a y e r ,  a 
g r a y - b r o w n  " A " ,  w i t h  a n g u l a r  t o  s ub a n g u l a r  cobb l es  
and g r a v e l  t h a t  ex t ended  down to 15 m. where i t  met 
t he  l i g h t - y e l l o w  to brown " B" h o r i z o n  c o n t a i n i n g  
sma11e r , s u b a n g u l a r  co b b l e s  and p e b b l e s ,  some w i t h  
i r o n  s t a i n s ;  no l i me  d e p o s i t s  no t ed .
P a r e n t  m a t e r i a l : P r o b a b l y  T e r t i a r y  ( O l i g o c en e  or  Miocene)  
v a l l e y  f i l l  composed l a r g e l y  o f  g r ave l  and c l a y  
bu t  w i t h  some sand,  v o l c a n i c  t u f f s  and f l o w s .
S i t e  ( 2 ) : A p p r o x i m a t e l y  3 /4  m i l e  (maximum) n o r t h  o f  t he  
s t a c k  ( b e a r i n g  ^  i t  was S149E) a l ong  t he e a s t e r n  
edge o f  Kennedy Park .  E l e v a t i o n  a p p r o x i m a t e l y  
3825 f t .
P h y s i o g r a p h y :  G e n t l y  r o l l i n g  l and  or  p o s s i b l y  on the P r i c k l y  
Pear  Creek t e r r a c e .
V e g e t a t i o n :  C i t y  pa rk  f l o r a  ( b l u e g r a s s  lawn w i t h  dec i duous  
and c o n f i e r  t r e e  s p e c i e s ) :  o t h e r w i s e  would p r o b a b l y  
be a n o r t h e r n  f l o o d p l a i n  f o r e s t  w i t h  S a l i x  spp.  and 
Popu l us  t r i c h o c a r p a .
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S o i l ( s ) : A l l u v i a l  (1 947 ) o r  Mi t i e r  a s s o c i a t i o n  ( 1 972 ) w i t h  
a c o n t i n u o u s  l i g h t  l i t t e r  l a y e r  l y i n g  above a 2 cm. 
t h i c k  sod l a y e r .  The dark  brown "A" h o r i z o n  ex tended 
to  a dep t h  o f  a p p r o x i m a t e l y  10 cm. and had a m o s t l y  
sandy t e x t u r e  w i t h  a smal l  amount o f  rounded p e bb l es .  
The "B"  h o r i z o n  ex t ended a t  l e a s t  to 25 cm. d e p t h ,  
was l i g h t  y e l l o w  brown i n  c o l o r  and was l a r g e l y  com­
posed o f  c l a y  w i t h  a smal l  amount  o f  s u b angu l a r  
pebb l es  and g r a v e l .
Pa r e n t  m a t e r i a l  : P r o b a b l y  Qu a t e r n a r y  ( P l e i s t o c e n e  or
Recent  Era)  a l l u v i u m  o f  B e l t  Se r i e s  se d i me n t a r y  rocks  
washed f r om P r i c k l y  Pear  Canyon SE o f  the s t udy  a r ea .
S i t e  ( 3 ) : A p p r o x i m a t e l y  1 3 / 4  m i l e  (maximum) s o u t h e a s t  
o f  s t a c k  ( b e a r i n g  i t  was N273W) a t  t he gate 
d i v i d i n g  t he  K l e f f n e r  Ranch f rom the end o f  Montana 
S t r e e t .
P h y s i o g r a p h y :  G r a v e l l y  a l l u v i a l  t e r r a c e  about  75 ea s t  o f  
P r i c k l y  Pear  C r . ,  e l e v a t i o n  3800 f t .
V e g e t a t i o n :  D i s t u r b e d  f o o t h i l l s  p r a i r i e  w i t h  medium cover
( 7 5 /  es 11 mated ) s h o r t g r a s s  s t e p p e .  A ^O |)y  r o n_ s p i c_a turn 
was t he  domi nan t  f l o r a .
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S o i l s : F a i r f i e l d  G r a v e l l y  t o  Stony  Loam (1947)  or  Sapp i ng-  
t o n - M u s s e l s h e l l  ( 1972)  w i t h  a l i g h t ,  d i s c o n t i n u o u s  
l i t t o r  l a y e r  and abundant  rounded pebb l es  and c o b b l e s .  
The "A"  h o r i z o n  was l i g h t  brown i n  c o l o r  and possessed 
a g r e a t  amount o f  cobb l es  and g r a v e l ,  where some o f  
t hose  near  t he  s o i l  s u r f a c e  had l i me  d e p o s i t s  on 
t h e i r  u n d e r s i d e s .  The "B"  h o r i z o n  (be l ow 15 cm. i n 
t he  p r o f i l e )  had abou t  the same c o l o r  and t e x t u r e ,  
a l t h o u g h  more c l a y  was p r e s e n t .
Pa r e n t  m a t e r i a l Q u a t e r n a r y  a l l u v i u m ,  s i m i l a r  t o s i t e no
S i t e  ( 4 ) : Near  t he  c r e s t  o f  a h i l l  about  400 f t .  west  o f  
t he  Montana C i t y  school  house,  a d j a c e n t  t o a sand-  
g r a v e l  p i t .  The area i s  about  3 m i l e s  sout h  o f  t he 
s m e l t e r  ( b e a r i n g  t o  i t  was S335W),  e l e v a t i o n  4025 f t .
P h y s i o g r a p h y :  Be n c h l a n d s ,  t o  t he edge o f  t he s h a p l y  r o l l i n g  
h i l l s  ( 1000- 2000  f t .  r e l i e f )  l y i n g  to t he e a s t ,  more 
g e n t l y  r o l l i n g  t o  t he  west  o f  t h i s  s i t e .
V e g e t a t i o n :  B l uebunch whea t g r ass  - Sandburg b l u e g r a s s
p r a i r i e  sere hav i ng  medium t o  dense ( 95L>) ground cove r  
p o s s i b l y  a we s t e r n  ponderosa f o r e s t  ecotone about  300 
f t .  wes t  o f  t he s o i l  samp l i ng  s i t e .
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S o i l s : L a p e r t e  Stony  Loam on moder a t e  to s teep s l opes  
(1974)  w i t h  a l i g h t l y ,  n e a r l y  c o n t i n u o u s  l i t t e r  
l a y e r  and a sma l l  amount  o f  a n g u l a r  pebbl es  and 
g r a v e l  upon t he  s u r f a c e .  The "A" h o r i z o n ,  e x t e n d i n g  
down t o  10 cm. i n  d e p t h ,  was brown to s l i g h t l y  
g r a y - b r o w n  i n  c o l o r  w i t h  a f a i r  amount  o f  l i m e - c o v e r e d  
s u b a n g u l a r  pebb l es  and g r a v e l .  The "B" h o r i z o n  was 
v e r y  s i l t y ,  w i t h  no c o b b l e s ,  pebb l es  or  g r ave l  
o b s e r v e d ,  c o l o r a t i o n  o f  t he h o r i z o n  was brown to 
y e l l o w  b r o w n .
Pa r e n t  m a t e r i a l : Pr e - Cambr i an  s e d i m e n t a r y  r o c k s ,  p r o b a b l y  
F l a t h e a d  Q u a r t z i t e  and Helena D o l o m i t e ,  a l t h o u g h  
r h y o l i t e  f l a w s  have been noted in t he area a t  4000 
f t .  e l e v a t i o n .
S i t e  ( 5 ) : On a r o c k  bench above and eas t  o f  t he Be l l  System 
Mi c r owave  Rel ay  Tower ,  t he area be i ng about  1 3 / 4  to 
2 m i l e s  e a s t  t o  s o u t h e a s t  o f  t he  s t ack  a t  an e l e v a t i o n  
o f  abou t  4275 f t .  Area c a l l e d  R a t t l e s n a k e  Ridge by 
l o c a l  r a n c h e r s .
P h y s i o g r a p h y  : Near  t he  
r o l l i n g  l a n d .
c r e s t  o f  a hogback r i d g e  in s h a r p l y
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V e g e t a t i o n : B l uebunch wh e a t g r a s s  - Sandburg b l u e g r a s s  
g e n e r a l l y  bu t  x e r i c - w i n d s w e p t  n a t u r e  g i ves  i t  a 
s l i g h t  " a l p i n e  f e e l i n g , "  e . g .  t he  presence o f  A l p i n e -  
F o r g e t - M e - N o t  ( E r i t r i c h i u m  e l onga t um ( r hdb )  Wi gh t )  
and W h i t l o w  Gra^s ( Draba den si  f o l i a  N u t t . ) .
S o i l s : S h a l l o w ,  w e l l - d r a i n e d  L a p o r t e  Stony loam on moderate 
t o  s t eep  s l o p e s ;  somewhat  l i t h o s o l i c  i n n a t u r e .  
P r a c t i c a l l y  no l i t t e r  l a y e r ,  w i t h  a p e b b l y - g r a v e l l y  
s u r f a c e .  The brown,  s i l t y  "A"  h o r i z o n  ex tended down 
t o  10 cm. ;  t he  h o r i z o n  had abundant  g r a v e l ,  pebb l es  
and c o b b l e s ,  a l l  o f  wh i ch  were su ba n g u l a r  to a n g u l a r  
i n  shape and cove r ed  by a 1-2 mm. 1 i m e - c a r b o n a te 
d e p o s i t .  The "B" h o r i z o n  ( e x t e n d i n g  to a t  l e a s t  
25 cm. )  was l i g h t  brown to y e l l o w  brown in c o l o r ,  
and s i l t y  i n  t e x t u r e  ( i . e . ,  hav i ng  on l y  smal l  amounts 
o f  g r a v e l  and p e b b l e s ) .
P l a n t  m a t e r i a l : P r o b a b l y  Helena Do l o m i t e .
S i t e  ( 6 ) : A p p r o x i m a t e l y  400 f t .  ENE o f  St .  P e t e r ' s  H o s p i t a l ,  
He l ena ;  e l e v a t i o n  a p p r o x i m a t e l y  4400 f t . ,  w i t h  a 
b e a r i n g  ^  s t a c k  o f  N53E. D i s t a n c e  to s m e l t e r :  
a p p r o x i m a t e l y  3 1/2 m i l e s .
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Phys1o g r a p h y : G e n t l y  r o l l i n g  l and
V e g e t a t i o n : D i s t u r b e d  f o o t h i l l s  p r a i r i e  w i t h  l i g h t  to
medium c o v e r  - Ag r o p y r o n  spi  catum appears  to be the 
domi nan t  s p e c i e s ,  some knapweed a l s o .
S o i l s : Be r t houd  St ony  Loam ( 1 947 ) or  S a p p i n g t o n - Mu s s e l s h e !  1 
( 1972)  w i t h  a f a i r l y  c o n t i n u o u s  g r oundcove r  and s u r ­
f a ce  c o v e r  by a n g u l a r ,  l i m e - c o a t e d  cobb l es  and g r a v e l .  
The "A"  h o r i z o n  ( e x t e n d i n g  down to 15 cm.)  was a 
l i g h t  y e l l o w  brown s i l t  loam w i t h  a f a i r  amount o f  
a n g u l a r  c o b b l e s  and g r a v e l .  The "B" h o r i z o n  ( e x t e n d ­
i n g  a t  l e a s t  t o  25 cm. )  was a y e l l o w  to y e l l o w  brown 
s i l t  l oam w i t h  much l e s s  o r g a n i c  m a t t e r  and r ock  
p r e s e n t  t han observed  i n  t he  upper  s o i l  p r o f i l e .
P a r e n t  m a t e r i a l :  P r o b a b l y  Helena D o l o m i t e .
S i t e  ( 7 ) : S o u t h e a s t  c o r n e r  t o  t he m i d d l e  p o r t i o n  o f  a
v a c a n t  l o t  on t he  c o r n e r  o f  Ga i l  and 2nd S t s . ,  East  
He l ena ;  e l e v a t i o n  a p p r o x i m a t e l y  4100 f t . ,  b e a r i n g  
s t a c k  was S128E. D i s t a n c e  t o  s m e l t e r :  a p p r o x i m a t e l y  
7 / 8  m i l e .
Phys i o g r a p h y : G e n t l y  r o l l i n g  l and
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V e g e t a t i o n : D i s t u r b e d  f o o t h i l l s  p r a i r i e  s t ee p e ,  f a i r l y  
dense phys i ognomy  and ground c ove r  ( 9 5 - 1 0 0 %). 
Dominance by Ag r o p y r o n  s p i c a t u m .
S o i l s : F a i r f i e l d  Stony  Loam (1947)  or  S a p p i n g t o n - M u s s e l - 
s h e l l  ( 1972)  w i t h  a l i g h t ,  n e a r l y  c o n t i n u o u s  l i t t e r  
l a y e r  and rounded p e b b l e s - c o b b l es on s u r f a c e .  The 
"A"  h o r i z o n  was a sandy l oam,  medium brown in c o l o r  
w i t h  a moder a t e  amount  o f  s l i g h t l y  s u b a n gu l a r  t o 
rounded pebb l es  and smal l  c o b b l e s .  The "B" h o r i z o n  
( r a n g i n g  f r om 10 t o a t  l e a s t  40 cm. deep i n the to ta 1 
p r o f i l e )  was l i g h t  brown,  and had a coarse  sandy 
t e x t u r e  w i t h  some round co b b l e s  and pebb l es  p r e s e n t .
P a r e n t  m a t e r i a l  : Q u a t e r n a r y  a l l u v i u m ,  see s i t e  ( 2 ) .
S i t e  ( 8 ) : Grassy  area near  the sou t h  access road to t he  
s m e l t e r  ( t h e  Davy Powergas e n t r a n c e )  about  700 f t .  
(maximum) f rom s t a c k ;  c o u l d  t a s t e  and smel l  t he 
meta l  1 i c - s u l f u r o u s  o f f - g a s e s  f rom the s m e l t e r  
o p e r a t i o n s .
P h y s i o g r a p h y  : Bench l and  above P r i c k l y  Pear  C r . ,  s l i g h t l y  
s o u t h e a s t  o f  t he g e n t l y  r o l l i n g  h i l l s ;  e l e v a t i o n  
a p p r o x i m a t e l y  4300 f t .
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V e g e t a t i o n : F o o t h i l l s  p r a i r i e ,  medium to dense cover  o f  
s h o r t g r a s s  s t e p p e ,  a m i x t u r e  o f  Agr opyron and 
Fes t uca  s p e c i e s .
S o i l s  : F a i r f i e l d  G r a v e l l y  Loam (1947)  or  Sa p p i n g t o n -
M u s s e l s h e l l  (1972)  w i t h  a n e a r l y  c o n t i n u o u s  f l o r a  
a n d / o r  l i t t e r  s u r f a c e  c o v e r ,  i n c l u d i n g  a smal l  amount  
o f  a n g u l a r  t o  s u b a n g u l a r  pebb l es  and c o b b l e s .  The 
"A" h o r i z o n  ( e x t e n d i n g  down to 10 cm.)  was a dark  
brown s i l t  loam c o n t a i n i n g  a f a i r  p o r t i o n  o f  a n g u l a r  
t o  s u b a n g u l a r  g r a v e l  and c o b b l e s .  The " B" h o r i z o n  
( e x t e n d i n g  t o  a t  l e a s t  25 cm. )  was l i g h t  brown to 
r e d d i s h - b r o w n  i n  c o l o r ,  be i ng  a s i  I t - l o a m  in t e x t u r e  
w i t h  smal l  amounts o f  s u b a n g u l a r  to rounded pebb l es  
and g r a v e l  .
P a r e n t  m a t e r i a l  : Qu a t e r n a r y  a l l u v i u m
S i t e  ( 9 ) : An a p p a r e n t l y  abandoned f i e l d  ( w i t h i n  10 y e a r s )  
a p p r o x i m a t e l y  1 1 / 2  m i l e s  eas t  o f  t he  s t a c k ,  near  
t he  i n t e r s e c t i o n  o f  C l a r k  St .  and Montana 518. 
E l e v a t i o n  a p p r o x i m a t e l y  4400 f t .
P h y s i o g r a p h y :  Bench l ands  above t he p r e s e n t  P r i c k l y  Pear 
CrT” f  î”ôodpl  a i n .
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V e g e t a t i o n : D i s t u r b e d  f o o t h i l l s  p r a i r i e ,  Agr opyron  - Poa 
secunda v a r .  S a n d b u r g i i  s h o r t g r a s s  s t eppe .  Noted 
c l o v e r  ( T r i f o l i u m  sp7)  and S a l s i f y  ( T r agopogon ).
S o i l s : P r o b a b l y  M a r t i n s d a l e  St ony Loam (1947)  or  S a p p i n g ­
t o n - Mu s s e l  s h e l l  ( 1972)  o r i g i n a l l y .  A c o n t i n u o u s  
s u r f a c e  c o v e r  o f  A g r o p y r o n - Festuca a n d / o r  l i t t e r  w i t h  
an a p p r o x i m a t e  5 cm. deep sod l a y e r .  The "A" h o r i z o n  
went  t o  a dep t h  o f  a t  l e a s t  25 cm. ( i . e . ,  no " B" 
h o r i z o n  was o b s e r v e d ) ,  be i ng  l i g h t  to medium brown 
i n  c o l o r ,  w i t h  a s i l t  loam t e x t u r e  - v e r y  s l i g h t  
amount  o f  s u b a n g u l a r  pebb l es  and g r av e l  were noted 
i n t he  s o i l  p i t .  Three ground s q u i r r e l  a n d / o r  
badger  ho l es  were noted w i t h i n  2 0  f t .  o f  t he sample 
s i t e .
P a r e n t  m a t e r i  a 1 : T e r t i a r y  V a l l e y  f i l l ,  see s i t e  ( 1 ) .
S i t e  ( 1 0 ) : The s o u t h we s t  c o r n e r  o f  the Warren S c h o o l ' s
l o t ,  4 m i l e s  NNW o f  t he s t a c k ,  e l e v a t i o n  a p p r o x i m a t e l y  
3800 f t .
P h y s i o g r a p h y  : G e n t l y  r o l l i n g  l and  w i t h  good d r a i n a g e -  
a g r i c u l t u r a l  l a n d .
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Ve g e t a t l o n  : D i s t u r b e d  f o o t h i l l s  p r a i r i e ,  f l o r a  domi nat ed 
by Ag r o p y r o n  and Fes t uca  s p e c i e s ,  a l t h o u g h  Bromus 
t e c t o r u m  w a s n ' t  uncommon.
S o i l s : M a r t i n s d a l e  S t ony  Loam (1947)  o r  Gr an t sda l e - Maca  
(1972)  w i t h  a c o n t i n u o u s  f l o r a - l i t t e r  s u r f a c e  l a y e r  
f o l l o w e d  by a 3 t o  5 cm. t h i c k  sod r e g i o n .  The "A" 
h o r i z o n  ex t ended  down to  a dep t h  o f  a t  l e a s t  2 0  cm. 
( i . e . ,  no "B"  h o r i z o n  was ob se r ve d )  be i ng  a l i g h t  
brown s i l t  loam c o n t a i n i n g  s u b a n g u l a r  pebb l es  and 
g r a v e l  - most  o f  wh i ch  ( b u t  e s p e c i a l l y  t he l a t t e r )  
were cove r ed  w i t h  a t h i n  l i m e - c a r b o n a t e  l a y e r .
P a r e n t  m a t e r i a l : Q u a t e r n a r y  a l l u v i u m  f rom the n o r t h e r n  
p o r t i o n  o f  t he  P r i c k l y  Pear  f l o o d p l a i n .
S i t e  ( 1 1 ) : H i l l  c r e s t  above t he west  c e n t r a l  p o r t i o n  o f  
t he  Helena R e g u l a t i n g  R e s e r v o i r ,  about  4 3/4 m i l e s  
NNE o f  t he  s t a c k ,  e l e v a t i o n  abou t  3975 f t .
Phys i o g r a p h y :  G e n t l y  r o l l i n g  l and
V e g e t a t i o n :  D i s t u r b e d  f o o t h i l l s  p r a i r i e ,  domi nat ed by
AgTopyron w i t h  s l i g h t l y  l e s s e r  numbers o f  O p u n t i a , 
Fes t uca  " s p p . and M e l i 1o t u s  a 1ba . L i g h t  v e g e t a t i o n  
c o v e r ,  p r o b a b l y  l e s s  t han 5 0 / .
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S o i l s  : M a r t i n s d a l e  St ony  Loam ( 1 947 ) o r  Gr an t sda l e - Maca  
(1972)  w i t h  most  o f  t he  s u r f a c e  f r e e  f rom p l a n t  
l i t t e r ,  be i ng  i n s t e a d  m o s t l y  rounded cobb l es  and 
g r a v e l  o f  d i v e r s e  g e o l o g i c  o r i g i n .  The "A" h o r i z o n  
e x t ended  a t  l e a s t  t o  20 cm. (no "B"  h o r i z o n  was 
o b s e r v e d )  wh i ch  was l i g h t  y e l l o w  brown i n  c o l o r  and 
v e r y  g r a v e l l y  i n  t e x t u r e ;  t he  r ocks  were r ounded,  
w i t h  some ha v i n g  a t h i n  c o a t i n g  o f  l i m e - c a r b o n a t e  
on t h e i r  u n d e r s i d e s .
P a r e n t  m a t e r i a l  : U n c e r t a i n ,  p r o b a b l y  not  M i o c e n e - P l i o c e n e  
l a k e  bed d e p o s i t s .
S i t e  ( 1 2 ) : Summi t  o f  p r o m i n e n t  h i l l  o v e r l o o k i n g  t he Home­
s t ead  E s t a t e s  ( t o  t he e a s t ) ,  abou t  1 3 /4  m i l e s  
(maximum) s o u t h we s t  o f  t he  s t a c k ,  e l e v a t i o n  about  
4150 f t .
P h y s i 0 g r a p h y : G e n t l y  r o l l i n g  l a n d ,  p o s s i b l y  used f o r  
g r a z i n g  pu r p o s e s .
V e g e t a t i o n :  F o o t h i l l s  p r a i r i e ,  Bl uebunch whea t g r ass  -
SaTTdburg b l u e g r a s s  s e r e ,  w i t h  some b l ue grama g r ass  
p r e s e n t .
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S o i l s : F a i r f i e l d  G r a v e l l y  Loam or  Sapp i ng t on  g r a v e l l y  
c l a y  loam (1974)  w i t h  p a t c hy  l i t t e r  l a y e r  w i t h  
abundan t  c o b b l e s  and p e b b l e s ;  i n  f a c t  i t  was d i f ­
f i c u l t  t o  p e n e t r a t e  more t han 2  or  3  cm. i n t o  t he 
p r o f i l e  w i t h o u t  s t r i k i n g  r ock  m a t e r i a l .  The "A" 
h o r i z o n  ( e x t e n d i n g  t o  a dep th  o f  15 cm.)  was a brown 
s i l t  l oam c o n t a i n i n g  an " e x c es s "  o f  a n g u l a r  t o sub­
a n g u l a r  p e b b l e s ,  g r a v e l  and cobb l es  most  o f  whi ch 
were coa t ed  w i t h  a 1 - 2  mm t h i c k  l i m e - c a r b o n a t e  d e p o s i t  
The "B"  h o r i z o n  was s i l t y  (and w i t h  l e s s  r ock  f r a g ­
ments t han  i n  t he  "A" h o r i z o n )  and l i g h t  y e l l o w  
brown t o  r u s t y  i n  c o l o r a t i o n .
P a r e n t  m a t e r i a l  : P r o b a b l y  Helena Do l omi t e  ( B e l t  S e r i e s ) .
S i t e  ( 1 3 ) : A g e n t l y  s l o p i n g  bench below the highway
d e p a r t m e n t ' s  r e l a y  t ower  near  t he t op  o f  MacDonald 
Pass,  about  17 1/2 a i r  m i l e s  WSW o f  t he  s m e l t e r ,  
e l e v a t i o n  a p p r o x i m a t e l y  6550 f t .
P h y s i o g r a p h y : C l e a r i n g  (semi  a l p i n e  meadow),  f o r e s t e d  
mo un t a i n  a l o n g  t he  C o n t i n e n t a l  D i v i d e .
V e g e t a t i o n ;  Due t o t he  exposure  ( n o t  a l t i t u d e ) ,  i t  p r o b a b l y  
f i ' “ th e  upper  l i m i t  o f  t he we s t e r n  s p r u c e - f i r  f o r e s t .
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Soi  1 s : P r o b a b l y  a brown p o d z o l i c  due t o  the a r e a ' s  p r e c i p ­
i t a t i o n  l e v e l ;  no l i g h t  c o l o r e d  Ag was observed as 
would  be t he  case f o r  a g r ay - b r own  p o d z o l i c  s o i l  
t y p e .  A c o n t i n u o u s  f l o r a  c ove r  w i t h  a good amount  
o f  l i t t e r  ( r e l a t i v e  t o  t he  E. Helena s i t e s )  where 
t he  s u r f a c e  was s t r ewn  w i t h  b o u l d e r s  o f  a l t e r e d  
g r a n o d i o r i t e .  The "A" h o r i z o n  extended to a t  l e a s t  
25 cm. ,  i . e . ,  no "B" h o r i z o n  was obse r ved ,  be i ng  a 
d a r k  brown,  coa r se  sandy loam w i t h  a smal l  amount  
o f  a n g u l a r  pebb l es  o f  g r a n o d i o r i t e .  The s o i l  becomes 
more sandy (and more coarse,  i n t e x t u r e )  w i t h  i n c r e a s i n g  
d e p t h .  Ground s q u i r r e l  bur rows were common i n  t he 
a r e a .
P a r e n t  m a t e r i a l : G r a n i t i c  r o c k s ,  e . g . ,  grano and q u a r t z  
d i o r i t e s ,  p o s s i b l y  some q u a r t z  mo nzo n i t e .
S i t e  ( 1 4 ) : Vacant  l o t  on the c o r n e r  o f  H a r r i s o n  St .
{ T own se n d , M o n t . )  where i t  i n t e r s e c t s  w i t h  t he road 
t o  Whi t e  S u l p h u r  S p r i n g s ,  Mt .  Appears to be an 
abandoned f i e l d  w i t h  r e c e n t  ev i d en c e  o f  g r a z i n g ;  
e l e v a t i o n  3600 f t . ,  abou t  27 a i r  m i l e s  ESE o f  the 
s m e l t e r .
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P h y s i o g r a p h y : G e n t l y  r o l l i n g  l a n d ,  p o s s i b l y  on the edge 
o f  one o f  t he  M i s s o u r i  R i v e r ' s  o l d e r  t e r r a c e s .
V e g e t a t i o n : F o o t h i l l s  p r a i r i e  w i t h  a medium to dense
(90-95%)  c o v e r ,  domi na t ed  by Idaho f escue  w i t h  l e s s e r  
amounts o f  A g r o p y r o n , Mel i l o t us  and Medicago s a t i v a .
S o i l s  : Dark A l l u v i a l  (1947)  or  Mi t i e r  A s s o c i a t i o n  (1972)  
w i t h  a c o n t i n u o u s  l i t t e r  l a y e r  and p r a c t i c a l l y  no 
s u r f a c e  r o c k ,  f o l l o w e d  by a 5 cm. t h i c k  sod zone.
The upper  10 cm. was a da r k  brown,  s i l t y  loam s h a r p l y  
d e l i n e a t e d  by the l i g h t  g r ay - b r own  c l a y  "B" h o r i z o n  
m o t t l e d  w i t h  d a r k e r  brown to b l u i s h  b l o t c h e s  ( i m p l y i n g  
g l e i c  c o n d i t i o n s ) .  In t he course  o f  d i g g i n g  t he s o i l  
p i t s ,  a p l a t y  s t r u c t u r e d ,  l i g h t  g r ay - b r own  l a y e r ,
( a t  1 0 - 1 2  cm. d e p t h )  c o n t a i n i n g  s m a l l ,  g r a n u l a r ,  
w h i t e  specks ( c a l i c h e ? )  was noted and samples were 
c o l l e c t e d  and a n a l y z e d .
P a r e n t  m a t e r i a l  : P r o b a b l y  T e r t i a r y  A l l u v i u m  or  f l o o d p l a i n  
d e p o s i t s .
APPENDIX I I ,  RAW ANALYTI C DATA FOR SOIL AND PLANT MATERIALS
S o i l  Data ( S u l f u r ,  Se l en i um in ppm, pH in s t d .  u n i t s ) ,  
where ( x )  equa l s  mean va l ue
S i t e  No.
C o l l e c t !  
1 (May) 2
on Set  No. 
( June) 3 ( O c t o b e r )
(1 ) 0-5 cm. pH 7.3 7.3 7.7
S 425 700 710
Se 0. 60 0 . 40  ( x ) 0.61
1 5-20 cm. pH 7.5 7.6 7.8
S 250 ( x) 2 0 0 2 1 0
Se 0.34 0.18 0.29
( 2 )  0-5 cm. pH 6. 9 7,2 7.2
S 1250 ( x) 21 50 2180
Se 2,13 1 . 27 0 . 8 8  ( x )
15-20 cm. pH 8 . 0 — — 8 . 3
S 225 ( x ) — — 2 1 0
Se 0. 32 — — 0.45
(3)  0-5 cm. pH 7.9 7.6 8 . 0
S 650 700 520 ( x )
Se 1 . 2 1 1 .33 1.80
15-20 cm. pH 8 . 0 8 . 1 8 . 3
S 260 350 31 0
Se 0 . 30 0.53 0 .58
( 4)  0-5 cm. pH 8 . 0 7.8 7.9
S 150 300 2 1 0
Se 0. 49 0.67 0.54
1 5-20 cm. pH 8 . 1 8 . 2 8. 4
S 2 0 0 250 2 1 0
Se 0. 23 0.45 ( x ) 0 .15
(5)  0-5 cm. pH 8 . 0 8 . 0 8 . 2
S 425 ( x ) 1 0 0 0 680
Se 0 . 70 ( x ) 0 .56 0.67
1 5-20 cm. pH 8 . 6 8 . 2 8 . 5
S 365 ( x ] 550 69 0
Se 0.45 0.71 0 . 8 6
( 6 ) 0-5 cm. pH 8 . 1 8 . 0 8 . 2
S 400 475 ( x ) 390
Se 0 . 57 0.33 0. 30
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S i t e  No. 1 (May) 2  ( June)
(7
(8
(9
( 10
( 1 1
( 12
3 ( Oc t o b e r )  
( x )
5-20 cm. pH 8 . 4 8 . 2 8 .4
S 400 450 265
Se 0.34 0. 54 (x) 0.44
0-5 cm. pH 6.4 6.9 7.2
S 300 350 350
Se 0. 98 ( x ) 0.61 0. 74
5-20 cm. pH 7. 0 7.4 7.8
S 2 0 0 165 (x) 280
Se 0.24 0,74 (x) 0 . 18
0-5 cm. pH 7.0 6 . 1 7.2
S 850 (x ) 600 (x) 730
Se 1 . 26 1 .77 1 .83
5-20 cm. pH 8 . 0 8 . 2 8 . 2
S 400 300 300
Se 0.24 (x ) 0.45 0.47
0-5 cm. pH 7.1 6.9 7. 5
S 400 420 285
Se 1 . 64 (x ) 2 .25 0.93
5-20 cm. pH 7 . 7 7.4 8 . 1
S 2 0 0 2 0 0 2 0 0
Se 0.54 0.43 0.46
0-5 cm. pH — — 7.5 7.7
S — — 400 2 1 0
Se — - 0.61 0.24
5- 20 cm. pH —  — 8 . 1 8 . 0
S — — 1 50 1 0 0
Se -  — 0 . 2 0 ( x ) 0 .54
0-5 cm. pH — — 8 . 1 6 . 8
S — — 150 1 0 0
Se --- 0.41 0.34
5-20 cm. pH — — 8 . 1 (X) 5.9
S _ — 175 ( x ) 1 1 5
Se --- 0 . 23 0.28
0-5 cm. pH — — 7.3 7.1
S — — 315 (x ) 270
Se --------- 0.70 0.32
5 - 2 0 cm. pH — 8 . 2 8 . 0
S _____ 370 275
Se — — 0 . 73 0.50
(x)
( x )
( x )
( x )
Hi
( x )
( x )
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S i t e  No. 1 (May)  2 (June ) 3 ( O c t o b e r )
( 13)  0-5 cm. pH — — 7.5 7.5
S — — 550 470 ( x )
Se --- 0 . 30 0.27
1 5-20 cm. pH — — 6 . 8 6.4
S — “ 430 250 ( x )
Se -  — 0 . 1 1 0.09
( 14)  0-5 cm. pH — — 8 . 1 8 .3
S — “ 630 (x ) 450
Se — — 0. 07 0.16
15-20 cm. * pH — — 8.7 8 . 3
S — " 725 ( x )  1765 ( x )
Se — — 0 . 1 2 0. 15
*samp 1 e s e t n o . 2 a l s o  i n c l u d e s  a se l en i um c o n c e n t r a t i o n
o f  0 . 93 a t 1 0 - 1 2 cm. s o i l  d e p t h , w i t h  a s u l f u r  concern-
t r a  t  i on o f 4740 ppm and pH=8 . 1 .
1 6 3
P l a n t  Se l en i um and F l u o r i n e  Data ( i n  ppm) 
Sample No.________Spec i es________________________ Se
1 - 1  a Chr ysothamnus nauseosus
1 - l b Ag r o py r o n  s p i c a t u m
1 - 1  c Ag r op y r o n  c r i s  ta turn
1 - 2  a Pi cea g 1auca
1 - 2 b S a l i x  amygda l o i des
1 - 3 a Ag. c r i s t a t u m
1 -3b Fes t uca  s c a b r e l 1 a
1 - 4 a A s t r a g a l u s  p^ursh i i
1 - 4 b Fes t uca  i d a h o e n s i s
1 - 4c Chr ys .  nauseosus
1 - 4d Pi nus  ponderosa
l - 5 a F e s t . s c a b r e l 1 a
1 -5b Ag. i nerme
l - 5 c Chrys .  nauseosus
l - 5 d Chr ys .  nauseosus
1 - 6 a Ag. s p i c a t um
1 - 6 b O x y t r o p i s  sp.
1 - 6 c A s t r a g a l u s  p u r s h i i
1 - 7 a Ag. c r i s t a t u m
l - 7 b A s t . p u r s h i i
l - 8 a A s t .  p u r s h i i
1 - 8 b G u t i e r r e z i a  s a r o t h r a e
1 - 8 c Fes t .  i d a h o e n s i s
l - 9 a Ag . s p i c a t um
1 - 9 b T r i f o l i u m  mac r o c e p h a 1 urn
1 - 9c Bromus t e c t o r u m
2  - 1  a Bromus t e c t o r u m
2 - l b B r a s s i c a  a r v e n s i s
2 - l c Aq. sp i c a t um
2  - 2  a T i l i a  amer i cana
2 - 2 b Pi cea q l auca
2 - 3 a Ag. c r i s t a t u m
2-3b C e r a s t i u m  a r vense
2 - 4 a O x y t r o p i s  a l b i f l o r u s
2-4b F e s t .  1dahoens i s
2 - 5a Aq. c r i s t a t u m
2 - 5b E r i o p h y l l u m  l ana t um
2  - 6  a E r i o p h .  l ana t um
2 - 6 b Aq. sp i ca t u m
2 - 6 c C r y p t a n t h a  sp.
2 - 7 a Ap. c r i s t a t u m
2 - 7 b L i n a r i a  s p .
2  - 8  a B r a s s i c a  a r v e n s i s
2 - 8 b Gaura c o c c i n e a
2 - 8 c A s t r a g a l u s  sp.
2 - 8 d Penstemon e r i a n t h e r u s
0 ,.35 13., 99
0 ,. 1 2
0 . 27
0 .,64
0 . 72
0 ., 74 2 ., 30
0 .,46
0 ., 1 7
0 ,, 1 7
0 .. 32 5. 84
0 ., 1 5
0 .,13
0 . 2 2
0 . 23 0 . 14
0 . 09
0 . 1 3
0 . 67
0 . 23
0 . 1 0
0 . 38
0 . 69
0 . 58 7. 2 0
0 . 30
0 . 41
0 . 18
0 . 42
0 . 14 2 . 0 0
0 . 41 7. 70
0 . 1 5 4. 30
0 . 59
0 . 53
0 . 54
0 .,95
0 ., 28
0 .,51
0 ., 1 1 0 . 60
0 . 28
0 .. 2 2
0 ,. 1 8 6 ,. 1 0
0 . 49
0 ,. 1 9 3.. 0 0
0 ,. 36
0 .98 6 ,.82
1 . 38
1 . 1 3
1 . 28
164
Sample No. Spec i es Se F
2-9a Ag.  s p i c a t u m 0.42 4 . 10
2-9b Ag.  s p i ca t um 0.73 2. 80
2 - 1 0 a Fes t .  s c a b r e l l a 0.28
2-1 Ob Bromus t e c t o r u m 0.15 3.20
2 - 1  l a Ag. sp i ca t um 0 . 2 2 3.20
2 - 1  l b Gut .  s a r o t h r a e 0.17
2 - 1 2 a O x y t r o p i s  a l b i f l o r u s 0.37
2 - 1  2 b A s t r a g a l u s  adsurqens 0.13
2 - 1 3 a Ag. s p i ca t um 0.16
2-1 3b Pseudotsuga m e n z i e s i i 0. 05
2 - 14a F e s t . s c a b r e l 1 a 0.06
2 - 14b Chr ys .  nauseosus 0 . 1 0
3 -1 a Chr ys .  nauseosus 0. 50 5.92
3 - l b Me 1 i 1o t us  a l ba 0.28
3 - l c Gut .  s a r o t h r a e 0. 52
3 - 2 a T i l i a  amer i cana 0.89
3-2b Pi cea q l auca 1 . 1 0
3-2c S a l i x  amygda l o i des 1 . 1 0
3 - 3a Mel i l .  a l ba 0. 76
3-3b Ag. c r i s t a t u m 1 . 1 2
3-4a Gut .  s a r o t h r a e 0.19 2 . 0 0
3-4b Chrys .  nauseosus 0.09 6 . 0 0
3- 4c Pi nus ponderosa 0.26
3 - 5 a Chrys .  nauseosus 0.26 3 .90
3 - 5b Gut .  s a r o t h r a e 0 . 1 2 2 . 0 0
3 - 6  a Gut .  s a r o t h r a e 0.42 1 . 2 0
3-6b Chr ys .  nauseosus 0.19 3.96
3- 6 c Hordeum v u l q a r e 0 . 16
3 - 7 a Mel i l .  a l ba 0 .23
3-7b Ag. sp i c a t u m 0.36
3 “ 8  a Fe s t .  s c a b r e l 1 a 1 . 0 0
3-8b Gut .  s a r o t h r a e 1.15 11.60
3-9 Fes t .  s c a b r e l 1 a 0.24
3 - 10a Aq. sp i c a t u m 0. 09
3-1 Ob F e s t .  s c a b r e l l a 0 . 08
3-1 l a Gut .  s a r o t h r a e 0.57 2.60
3-11 b Chr ys .  nauseosus 0.42 3.92
3-1 I c Mel i l .  a l ba 0.23
6 . 2 23-1 2a Chr ys .  nauseosus 0. 48
3-1 2b Gut .  s a r o t h r a e 0.33 2  . 80
3-1 2c O x y t r o p i  s a l b i f l o r u s  
(seeds and pods)
0.28
3 - 13a Pseudot suqa m e n z i e s i i 0.32
3-1 3b Ag. s p i c a t u m 0.15
3 - 13c D a c t y l  i s  q 1omerata 0 . 28 18.063 - 14a Chr ys .  nauseosus 0 .47
3 - 14b F e s t .  s c a b r e l l a 0 . 2 0
APPENDI X I I I ,  DI SCUSSI ON OF REJECTED ANALYTIC METHODS
The West -Ramakn ' shna d e c o l o r i z a t i o n  mechanism,  as 
d e t e r m i n e d  by t he use o f  a DB s p e c t r o p h o t o m e t e r  a t  X =
644 nm. ,  appear s  t o  f o l l o w  s i gmo i d  r e a c t i o n  k i n e t i c s .
Th i s  s ug ge s t s  t he  e x i s t e n c e  o f  an a u t o c a t a l y t i c  mechanism 
I t  has been proposed (1)  t h a t  a s u l f o s e l e n o  complex 
a c c u mu l a t e s  to some c r i t i c a l  c o n c e n t r a t i o n  whi ch i s  f o l ­
l owed by a r a p i d  r e d u c t i o n  ( d e c o l o r i z a t i o n )  o f  t he me t hy ­
l ene  b l u e  s o l u t i o n .  The d i f f e r e n c e  between v i s u a l  end 
p o i n t  and s l op e  e x t r a p o l a t i o n  f rom the p h o t o m e t r i c  data 
f o r  t h i s  d e c o l o r i z a t i o n  r e a c t i o n  i s  w i t h i n  1 / 2  mi nu t e  
( a t  23 + 1°C)  f o r  t he  0 . 1 0 - 0 . 9 0  pg s e l en i um range.  
A l t h o u g h  p h o t o m e t r i c  a d a p t a t i o n  o f  t he v i s u a l  method 
e x i s t  ( 2 ) ,  t he  n o n - i n s t r u m e n t a l  approach y i e l d e d  good 
p r e c i s i o n  w i t h  p r a c t i c e .  The r e a c t i o n  r a t e  ( a t  a g i ven  
[ S e ] )  i s  v e r y  pH s e n s i t i v e ,  as d i s c u s s e d  i n r e l a t i o n  to 
t he  a c i d  d i g e s t s  o f  p l a n t  m a t e r i a l  ( b e l o w ) .  Tempera t u r e  
i s  a l s o  i n f l u e n t i a l ,  as shown i n  t he f o l l o w i n g  two t a b l e s
Me t hy l e n e  Blue (MB),  a t  22 + 1°C urTABLE l a - - S e l e n i u m  C o n c e n t r a t i o n  vs.  Reduc t i on  Time o f  
Selenium
c o n c e n t r a t i o n  0 . 10  0 . 20  0 . 40  0 . 60  0 . 80  1 .00 pg
T ' T ( m i n s . ' T )  0.091 0 . 108  0 . 138 0 .168 0 .188 0 .219
TABLE l b - - D e c o l o r i z a t i o n  Rate Measured a t  20 + 1°C 
Selenium
c o n c e n t r a t i o n  0 . 10  0 . 20  0 . 30  0 . 40  0 . 50 0 . 60  0 . 70  0 . 80
T ' T ( m l n s . ' T )  0 . 076  0 . 100  0 .117 0 . 124 0 .135 0 .147 0 . 155 0 .177
-  1 -  1(a)  measured i n  t e rms o f  r e c i p r o c a l  t i m e ,  T = mins .
These r e a c t i o n  r a t e s  are  no t  averaged v a l u e s / g i v e n  c o nc en ­
t r a t i o n ,  t hus  t he  s i g n i f i c a n c e  o f  t he d i f f e r e n c e  in r a t e  per  
g i v e n  s e l e n i u m  l e v e l  w i t h  v a r y i n g  t e m p e r a t u r e  cannot  be 
q u a n t i f i e d .  I f  t he  s e l e n i u m c o n c e n t r a t i o n s  are p l o t t e d  
a g a i n s t  r e c i p r o c a l  t i m e ,  t he  dat a  f r om both t a b l e s  show 
l i n e a r i t y  w i t h i n  t he  0 . 1 0 - 1 . 0 0  pg s e l e n i u m r ange ;  t h i s  
ag r ees  w i t h  t he  t r e n d  noted by West and Ramakr i shna ( 3 ) ,  
a l t h o u g h  t h e i r  s l o p e  was s t e e p e r  t han t h a t  f o r  t he above 
d a t a .  C o n c e n t r a t i o n s  o f  s e l e n i u m much g r e a t e r  t han 2 pg
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per  t o t a l  r e a c t i o n  volume showed d e f i n i t e  c u r v a t u r e  when
p o t t e d  a g a i n s t  T . The r e s u l t s  o f  t hese o b s e r v a t i o n s  
a r e  g i v e n  i n  Tab l e  2 be low.
TABLE 2
REDUCTION TIME OF MB BY SELENIUM, AT 22 + 1"C
Se l en i um cone,  ( pg)  4 6  8  10 550
T ( mi ns .  ^ ) 0 . 266 0 .328  0.381 0 .400 0 .004
At  t he  o t h e r  c o n c e n t r a t i o n  ex t r eme ,  t he  v i s u a l  method 
d e t e c t e d  s e l e n i u m l e v e l s  >0.05 pg ( i . e .  both t h i s  s t a n d a r d  
and t he  b l a n k  had r e c i p r o c a l  t i me  v a l ue s  o f  0 . 058 m i n s . " ^ )  
f o l l o w e d  by a sharp  r i s e  t o  T " 1  = 0.069 m i n s . - l  a t  0 . 08  pg.  
Both o f  t hes e  r e a d i n g s  were made a t  a pH o f  10.8 and 23.0°C
O r i g i n a l l y ,  50 + 5 grams ( t o  the n e a r e s t  0 . 1  gm. )  o f  
d r i e d ,  g round s o i l  was d i g e s t e d  i n about  250 ml .  o f  b o i l i n g  
w a t e r  f o r  1 1 / 2  h o u r s ,  t hen v a c u m n - f i l t e r e d  w h i l e  warm 
t h r o u g h  a 1/2 t o  1 cm. t h i c k  l a y e r  o f  6 N MCI-washed s i l i c i c  
a c i d  ( c o n t a i n e d  between 2 sheet s  o f  Whatman No. 40 or  42 
p a p e r ) .  The f i l t e r  cake was r i n s e d  w i t h  warm O.OIN MCI, 
t hen  w i t h  w a t e r ;  t h i s  produced an a c i d  (pH 4 . 5  t o  5 . 5 )  
p a l e  brown t o  l i g h t  s t r a w - c o l o r e d  f i l t r a t e .  A 10 ml .  
a l i q u o t  f rom t he s t a n d a r d  25.0 ml .  volume e x t r a c t e d  f rom 
s o i l  samples t aken  d u r i n g  t he f i r s t  c o l l e c t i o n  s e t  (mi d -  
May,  1976,  u s i n g  t he f i r s t  f o u r  s i t e s )  gave the f o l l o w i n g  
re su 1 t s  .
TABLE 3
WATER-SOLUBLE SELENIUM, SITES 1-4 ( IN pG/GM DRY SOIL)
S i t e  No. 0-5 cm. f r a c t i o n  15-20 cm. f r a c t i o n
1 - 1  0 . 067  0 . 006
1-2 0 . 075  0. 045
1 - 3  0 . 016  0 . 0 0 2
1-4 0 .007  0.000
The r e s u l t s ,  above,  assume a near  q u a n t i t a t i v e  r e c o v e r y  
o f  s e l e n i u m .  U n f o r t u n a t e l y , no s t a n d a r d  was run w i t h  t hese  
samp l es ,  a l t h o u g h  p r e v i o u s  work w i t h  " s p i k e d "  samples gave 
r e c o v e r i e s  a r ound  90%. The f i l t r a t e s  were not  passed 
t h r o u g h  i on  exchange r e s i n  p r i o r  t o  a n a l y s i s .  I t  was 
t e m p t i n g  t o  c o n c l u d e  t h a t  t he  " b i o l o g i c "  l e v e l s  o f  a v a i l a b l e  
s e l e n i u m  are s m a l l e r  i n  t he  l a t t e r  two s i t e s  (downwind o f
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thG s t a c k )  due t o  t he  f o r m a t i o n  o f  I n s o l u b l e  complexes 
or  compounds w i t h  heavy meta l  c a t i o n s  assumed to be p r e s e n t  
i n  t h e s e  c o n t a m i n a t e d  s o i l s .  However ,  i n s p e c t i o n  o f  t he 
pH da t a  f o r  t hese  samples (see Append i x  I I )  r e v e a l s  t h a t  
t h e  f i r s t  two s i t e s  have l ower  pH va l ues  r e l a t i v e  to t he 
l a t t e r  ones.  I t  would thus  be expec t ed  t h a t  t he pH- redox  
r e a c t i o n s  assumed to e x i s t  a t  s i t e s  1 and 2  would f a v o r  
t he  f o r m a t i o n  o f  l e s s  s o l u b l e  f e r r i c  s e l e n i t e  compl exes ;  
c l e a r l y ,  f u t u r e  s t u d i e s  shou l d  an a l y z e  f o r  such s e l e n i t e  
f r a c t i o n s  as d e s c r i b e d  i n  E.E.  Cary e t  y_.  ( 4 ) .  The 0-5 
cm. sample f rom Kennedy Park (no.  1 - 2 ^ ,  East  He l ena,  was 
s i t u a t e d  i n  t he  sod l a y e r  o f  t he  s o i l  p r o f i l e .  I t  i s  
h y p o t h e s i z e d  t h a t  t he  r e s u l t i n g  h i gh c h e l a t i o n  p o t e n t i a l  
( r e l a t i v e  t o  t he o t h e r  s i t e s  i n Tab l e  3) gave the h i gh 
o b s e r v e d  s e l e n i u m  measurement .  The a n a l y s i s  o f  o r g a n i c  
ca r bon  c o n t e n t ,  s o i l  i o n i c  exchange c a p a c i t y ,  e t c . ,  as 
w e l l  as s o l u b l e  s e l e n i u m l e v e l s  observed  f rom the use o f  
o t h e r  aqueous e x t r a c t i o n  systems ( t h a t  may mimic b i o l o g i c a l -  
r o o t  a c t i v i t i e s  [ 5 ] ) ,  shou l d  be c o n s i d e r e d  i n f u t u r e  s t u d i e s  
i f  a c l e a r e r  r e l a t i o n s h i p  between s o i l  s e l en i um and p l a n t  
s e l e n i u m  i s  to be e s t a b l i s h e d .
A number  o f  c a t i o n s  i n t e r f e r e  w i t h  t he se l e n i u m d e t e r ­
m i n a t i o n  i f  t he  r a t i o  between them i s  much g r e a t e r  t han 
50 t o  1,  r e s p e c t i v e l y .  I t  was b e l i e v e d  t h a t  a c i d  d i g e s t s  
o f  s o i l ( s )  and p l a n t  t i s s u e ( s )  c o u l d  exceed t h i s  r a t i o  by 
an o r d e r  o f  m a g n i t u d e ,  o r  more;  t hus  i on exchange s t u d i e s  
were i n i t i a t e d  to a l l e v i a t e  t h i s  p r ob l em.  I n i t i a l l y ,  a 
50 cm. g l a s s  column was packed w i t h  Dowex 5 0W-X8 (sodi um 
f o r m ,  20-50  mesh) and u t i l i z e d  on both a c i d  d i g e s t s  o f  
p l a n t  m a t e r i a l  and aqueous s o i l  e x t r a c t s .  A p p a r e n t l y  t he 
l e n g t h  t o  w i d t h  r a t i o  was a b s u r d l y  h i g h ,  a n d / o r  r e a c t i v i t y  
p r ob l ems  between r e s i n  and f l u i d  o c c u r r e d  s i n c e  the se l e n i u m 
p r e s e n t  t ended t o accu mu l a t e  i n  t he t ube as t he  samp l i ng  
s c r u b b i n g  p r o g r e s s e d  as shown below.
TABLE 4 - - S e l e n i u m  A c c u m u l a t i o n  i n  t he  Dowex 50W-X8 Column 
as Compared t o  t he  Non-Scrubbed C o n t r o l s
Re a c t i o n  Time ( i n  m i n u t e s ) ^^ ^
Wi t h o u t  i on
A l i q u o t  No. Wi t h  i on  exchange exchange
1 17.687 3.455
2  9 . 555  4.445
3 7 . 1 2 0  6 . 2 8 3
4 6 . 2 7 3  6 . 5 8 8
5  3 . 390
(a)  measured t o  t he  n e a r e s t  0 . 1  second.
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The f i r s t  4 a l i q u o t s  r e p r e s e n t  5 ml .  vo l umes ,  each c o n ­
t a i n i n g  0 . 5  yg / ml  s e l e n i u m ,  f ed  t h r o u g h  the column a t  a 
r a t e  o f  10 c m . / m i n u t e  ( a t  21 + 1 °C) ;  t he l a s t  volume 
was d i s t i l l e d  w a t e r .  Be f o r e  t h i s  e x p e r i m e n t ,  t he t ube 
had been used t o  p r oces s  t he  4:1 ni  t r i e : p e r c h l o r i c  ac i d  
p l a n t  d i g e s t s .  The 3 . 5  t o  5 ml .  o f  p e r c h l o r i c  a c i d / s a m p l e  
m i g h t  have been t he  cause o f  t he c u r d y ,  b l u i s h  p r e c i p i t a t e  
f o rmed i n  t ubes  one t h r o u g h  f o u r ,  but  i n d e c r e a s i n g  amount  
pe r  t u b e ,  d u r i n g  t he  subsequen t  a n a l y s i s .  A l t h o u g h  the 
l e n g t h : w i d t h  column r a t i o  a n d / o r  f l o w  r a t e  were i n e r r o r ,  
i t  was b e l i e v e d  t h a t  f l u s h i n g  t he  column w i t h  5  to 1 0  mi s .  
o f  0 . 5 - 1 . 0  M sodium c h l o r i d e  (AR) s o l u t i o n  between 
samples was an a i d  i n  t he  e l i m i n a t i o n  o f  se l en i um l osses  
due t o  t he  e n t r a p m e n t  by r e s i n - b o u n d  c a t i o n s .
I t  was t hen  assumed t h a t  t he w a t e r - e x t r a c t a b ! e  heavy 
meta l  c o n c e n t r a t i o n  would range f rom 5 to 500 pg/gm.  d r y  
s o i l ,  as obse r ved  by L. Har tman ( 6 ) ;  t h u s ,  f o r  a 10.0  gm. 
sampl e ,  t he  1 0  ml .  a l i q u o t  used i n  t he a n a l y s i s  would 
c o n t a i n  20 t o  2000 pg o f  meta l  c a t i o n s .  To s t udy  the 
i n t e r f e r e n c e  o f  l ead i on on t he  c a t a l y s i s  r a t e  ( i . e . ,  
d e c o l o r i z a t i o n  o f  MB),  a 100 p g / m l .  s t o c k  s o l u t i o n  was 
p r ep a r ed  u s i n g  a n a l y t i c a l  r e a g e n t  grade l ead n i t r a t e .  
Sev e r a l  d i l u t i o n s  o f  t h i s  s o l u t i o n  i n t he p r esence o f  
v a r y i n g  amounts o f  s e l e n i u m were r e a c t e d ,  w i t h  t he  f o l l o w ­
i ng  r e s u l t s .
TABLE 5a
LEAD lON-SELENIUM INTERACTIONS AT 22°C
Se (pq ) T o t a l  Pb^ ^ ( pq ) Re ac t i o n  Time
0 . 1 0 1 0 0 0.072
1 . 0 0 1 0 0 0, 190
0 . 1 0 500 0.067
0 . 1 0 500 0.080
Because o f  t he  a p p a r e n t  i n t e r f e r e n c e s  o f  t he l ead  i on  on 
t h e  d e c o l o r i z a t i o n  r a t e ,  t he  Dowex 50W-X8 r e s i n  was used.  
The l e n g t h : w i d t h  r a t i o  was reduced t o  10:1 and the f l o w  
r a t e  dec r eased  t o 2 m l . / m i n u t e .  The f o l l o w i n g  r e s u l t s  
were o b s e r v e d .
Genera l  d i s s a t i s f a c t i o n  w i t h  t he above c a t i o n  exchange 
p r oc ess  c o u p l e d  t o  t he  u n d e s i r a b i l i t y  o f  a p p l y i n g  e i t h e r  
an o r g a n i c  e x t r a c t i o n  (7)  o r  mask i ng scheme ( 8 ) l ed t o  
t h e  p o s s i b i l i t y  o f  b a t c h  p r o c e s s i n g  w i t h  an i on exchange 
r e s i n .  In t h i s  a p p r o a c h ,  0 . 4  gms. o f  Dowex 1-X8,  c h l o r i d e
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TABLE 5 b - -Lead I o n - S e l e n i urn I n t e r a c t i o n s  A f t e r  P r o c e s s i n g  
Through Ion Exchange Resin a t  22.5 + 0.5°C
T o t a l  Pb^^ ( i j q ) - 1Rea c t i o n  Time ( m i n s . "  )
0 . 1 0 0 . 0 0 . 1 0 2
0 ., 1 0 1 0 0 .090
1 ., 0 0 0 . 0 0 . 161
1 .. 0 0 1 0 0 . 1 42
f o r m ,  { 20 - 50  mesh) was added to each 10 ml .  o f  a n a l y t e ,  
shaken ,  t hen  a l l o w e d  to s t and f o r  20 m i n u t e s .  The t r e a t e d  
vol umes were f i l t e r e d  us i ng  Whatman No. 5 paper ;  t he 
f i l t r a t e  was a n a l y z e d  by t he  usual  c a t a l y t i c  method w h i l e  
0.1 gm. o f  AR grade NaCl was added t o  t he r e s i n .  The 
r e s i n - s a l t  m i x t u r e  was t hen t r a n s f e r r e d  to a c l ea n  t e s t  
t ube  and d i l u t e d  t o  10 ml .  vo l ume.  A f t e r  s e v e r a l  m i n u t e s ,  
i t  was a l s o  a n a l y z e d  as above.  The r e s u l t s  are noted i n 
Tab l e  6  be l ow.
TABLE 6 - - A n i o n  Exchange S t u d y ,  Removal  E f f i c i e n c y  o f  
Se l en i um a t  22.1°C
F l u i d  Type
Wash f rom Bl ank  
Res in f rom Bl ank  
Wash f r om 0 . 10  pg Se 
Res in  f r om 0 . 10  pg Se
Rea c t i on  Time ( mi ns .   ̂ )
0.056 
0. 058 
0.062
0. 084
Because t he  a n i o n i c  r e s i n  appeared to e x t r a c t  t he  se l en i um 
p r e s e n t  i n  a q u a n t i t a t i v e  manner ,  w i t h o u t  i n t e r f e r i n g  w i t h  
t he  a n a l y s i s ,  t he  above p r oc e d u r e  was r epea t ed  in t he 
p r esence  o f  1 0  ppm Pb+ 2  w i t h  s a t i s f y i n g  r e s u l t s ,  as shown 
on t he  n e x t  page.  A p p a r e n t l y ,  t h i s  method i s  much more 
e f f e c t i v e  and r e l i a b l e  t han t he c a t i o n  exchange approach 
and s ho u l d  be a p p l i e d  i n  any f u t u r e  a n a l y s i s  us i ng  the 
c a t a l y t i c  method ( o f  Se) ,  e s p e c i a l l y  i n  t he t r e a t m e n t  o f  
w a t e r  e x t r a c t s .
The f i r s t  a c i d  
ma t e l  y 2  grams (wet  
f o u r  week o l d  P i n t o  
t i s s u e / f l a s k  was i n i t i a l l y
d i g e s t s  were per f o r med  us i n g  a p p r o x i -  
w e i g h t ,  t o t he  n e a r e s t  mg. )  o f  two to 
bean,  Phaseo l us  v u l g a r i s , p l a n t s .  The
20 ml .  o f  a 4mixed into
HN0 o:HC 1 0 4  s o l u t i o n ,  t hen heated t i l l  near  d r y n e s s .  The 
d i g e s t  f l u i d  per  f l a s k  was f i l t e r e d  t h r o u g h  s i n t e r e d  g l a s s  
f u n n e l s ,  under  s u c t i o n ,  t o  remove t he  s i l i c a c e o u s  p r e c i p i ­
t a t e s .  I f  t he  f i l t r a t e s  were d i l u t e d  t o  s t a nd a r d  vo l ume,  
2 5 . 0  m l . ,  w i t h  a 1 0 . 0  ml .  a l i q u o t / f l a s k  w i t h d r awn  f o r
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TABLE 7 - - S e l  emum- Lead  Ion I n t e r a c t i o n s  A f t e r  P r oc e s s i n g  
Through Anion Exchange Resin
Tube
Bl ank  (w/o Pb^^)
F l u i d
Type
Reac t i on  
Time ( mi ns “ 1 )
1 Ç
Wash 0 . 061 2 2 . 6
Bl ank  (w/  Pb^^)
Resin 0.073 2 2 . 8
Wash 0.059 2 2 . 6
Se (0 .1  p g , w/o P b ^ ^ )
Resin 0. 070 2 2 . 8
Wash 0.069 23.3
Se (0 .1  pg,  w/ Pb^^)
Resin 0.066 23.6
Wash 0. 070 23.3
Se ( 1 . 0  p g , w/o P b ^ ^ )
Resin 0.087 23.6
Wash 0.071 24.0
Se ( 1 . 0  p g , w/  P b ^ ^ )
Resin 0.192 23.8
Wash 0.073 24.0
Resin 0. 194 23.8
s e l e n i u m  a n a l y s i s ,  t he  pH o f  t he  a n a l y t i c  system was l e s s  
t han 8  a f t e r  a d d i t i o n  o f  a l l  r e a g e n t s .  Th i s  y i e l d e d  a 
p u r p l e  s u s p e n s i o n  o f  me t hy l ene  b l ue  i n t he upper  p o r t i o n  
o f  t he  a n a l y t i c  vo l ume.  The c o l o r e d  mass u s u a l l y  d i s s o l v e d  
or  s e t t l e d  to t he  bo t t om o f  t he t ube a f t e r  2 0  t o  30 m i n u t e s ,  
l e a v i n g  a su s p e n s i o n  o f  f i n e l y - d i v i d e d  v i o l e t  c o l o r e d  
p a r t i c l e s  i n s o l u t i o n .  The p e r c h l o r a t e  i o n ,  i n  c o m b i n a t i o n  
w i t h  t he  nonopt i mum pH, appeared t o  i n t e r f e r e  s i g n i f i c a n t l y  
w i t h  t he  r e a c t i o n  r a t e ;  v a l u e s  t h a t  were o n l y  3 t o  28% o f  
t he  s e l e n i u m  c o n c e n t r a t i o n  a c t u a l l y  p r e s e n t  were commonly 
o b s e r v e d .  I t  i s  sugges t ed  t h a t  9 ml .  o f  IN NaOH, f o l l o w e d  
by 1 ml .  o f  c o n c e n t r a t e d  HNO3  ( d r o p w i s e )  be added to  the 
f i l t r a t e  vo l ume.  The r e a c t i o n  shou l d  be a l l o we d  to s u b s i d e ,  
t hen d i l u t e  t he l i q u i d  t o  s t a n d a r d  volume.  A f t e r  a d d i t i o n  
o f  t he  a l k a l i n e  s u l f i d e  s o l u t i o n  to t he r e a c t i o n  vo l ume,  
a d j u s t  t he  pH t o  t he  p r o p e r  r ange ,  1 0 . 6 - 1 1 . 1 ,  by add i ng  
h a l f - s t r e n g t h  HNO3  d r o p w i se  w h i l e  m o n i t o r i n g  t he t i t r a t i o n  
w i t h  a pH m e t e r .  West  and Ramakr i shna observed  t h a t  t he 
r e a c t i o n  sys tem c o u l d  s t and  f o r  abou t  5 mi nu t es  b e f o r e  
a d d i t i o n  o f  t he  MB w i t h o u t  a f f e c t i n g  t he  d e c o l o r i z a t i o n  r a t e .  
I t  s h o u l d  a l s o  be no t ed  t h a t  d r y i n g  t he  p l a n t  t i s s u e s  a t  
95°C f o r  24 hour  t i me  p e r i o d s  caused se l en i um v o l a t i l i z a t i o n  
l o s s e s  o f  80 5 %, as obse r ved  w i t h  sp i k ed  samples i n covered
w e i g h i n g  v i a l s .  The use o f  38 + 3 “ C a i r  d r y i n g  f o r  24 hours 
p r oduced  no a p p a r e n t  l o s s  o f  t h i s  e l emen t .
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S o i  1 S u l f u r
A t t e m p t s  a t  t he d e t e r m i n a t i o n  o f  w a t e r - s o l u b l e  
s u l f a t e  c o n c e n t r a t i o n s  v i a  Ch a ud r y ' s  t u r b i d i m e t r i c  method,  
(see Ch a p t e r  V I ,  D i s c u s s i o n  o f  A n a l y t i c  Methods)  y i e l d e d  
t he  f o l l o w i n g  r e s u l t s .
TABLE 8
SULFATE CALIBRATION, IN MG. X 10^
(a )
C o n c e n t r a t i o n
Bl ank  
2 
4 
6 
8 
10 
20 
40 
60 
80 
1 00
Absorbance
0.004 
0 . 0 1 1  
0 . 0 1 1  
0.018 
0 .018 
0 . 0 2 1  
0 . 030 
0 . 0 6 8  
0. 068 
0 . 0 7 0  
0 . 0 9 9
( a )  A=470 nm; a d j u s t e d  t o  1 0 0 % T us i ng  a non-BaCl ^  b l ank  
w i t h  a l l  o t h e r  r e a g e n t s  p r e s e n t .  A 5 . 0  ml .  a l i q u o t  
f r om t he  s t a n d a r d  25 . 0  ml .  volume was used i n the 
a n a l y s i s .
Because a 1 cm. c e l l ,  r a t h e r  t han a 4 cm. one as employed 
by Massoumi  and C o r n f i e l d  (see Chapt er  V I )  was used,  as 
w e l l  as an a p p a r e n t l y  i n a d e q u a t e  a n a l y t e  vo l ume,  the 
abs o r bance  r e a d i n g s  were ve r y  l ow.  I n s p e c t i o n  o f  any 
t a b l e  t h a t  r e l a t e s  p e r c e n t  e r r o r  i n  observed c o n c e n t r a t i o n
as a f u n c t i o n  o f  o p t i c a l  d e n s i t y  (9)  r e v e a l s  e r r o r s  o f  .
> + 10% f o r  a l l  s u l f a t e  c o n c e n t r a t i o n s  l ess  than 10 (mgxlO ) 
and no l e s s  t han  + 3% f o r  s u l f a t e  l e v e l s  g r e a t e r  t han 10.
A l l  f l a s k s  were run i n  t he  same manner ,  t hus  the e r r o r  
s h o u l d  be s y s t e m a t i c  and t hus  a l l o w  a semi q u a n t i t a t i v e  
c o mpar i son  o f  s u l f a t e  l e v e l s  t o  be made between t he  s i t e s .  
S o i l  e x t r a c t s  f r om 10 grams o f  s o i l  were made f rom the 
f i r s t  f o u r  s i t e s  ( f i r s t  c o l l e c t i o n  s e t ) .  F i ve ml .  a l i q u o t s  
gave t he  r e s u l t s  on t he  f o l l o w i n g  page.  Assuming t h a t  t he 
c a l c u l a t e d  c o n c e n t r a t i o n s  are  a c c u r a t e  to the p r op e r  o r d e r  
o f  m a g n i t u d e ,  t he  p o s s i b i l i t y  i s  r a i s e d  t h a t  t he l a r g e
a mo u n t ( s )  o f  heavy meta l  i o n s  p r e s e n t  i n t he l a t t e r  two
s i t e s  e f f e c t i v e l y  removed t he  s o l u b l e  s u l f a t e  f rom the upper  
few c e n t i m e t e r s  o f  s o i l ;  any u n r e a c t e d  s u r f a c e  s u l f a t e  
wou l d  t hen be l e a c h e d  down t h r o u g h  t he  s o i l  p r o f i l e ,  when 
i t  a c c u mu l a t e s  as c a l c i u m  s u l f a t e .
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TABLE 9 - - W a t e r - E x t r a c t a b l e  S o i l  S u l f a t e  From S i t e s  1 - 4 ;  
F i r s t  C o l l e c t i o n  Set  ( i n  ppm)
S i t e  No. 0-5 cm. f r a c t i o n  15-20 cm. f r a c t i o n
1-1 5 . 0 9.3
1-2 4 . 0 7.0
1-3 0.07 0.06
1 -4 0 .0 2 0. 03
I f  t he  above t u r b i d i m e t r i c  s u l f a t e  method i s  used i n 
f u t u r e  s t u d i e s ,  t he  l o w - a b s o r b a n c e  t e c h n i q u e  shoul d  be 
a p p l i e d ;  i n  t h i s  approach  a known c o n c e n t r a t i o n  s l i g h t l y  
g r e a t e r  t han t h a t  expec t ed  i n  t he samples i s  used to zero 
t he  i n s t r u m e n t .  The meter  need l e  i s  t hen a d j u s t e d  to 
g i v e  a f u l l - s c a l e  r esponse  (100% T) a g a i n s t  t he s o l v e n t  
i n  t he  usua l  way.  Seve r a l  o t h e r  p o t e n t i a l  methods sugges t  
t h e m s e l v e s :  (a )  an a c i d  d i g e s t i o n  f o l l o w e d  by r e d u c t i o n
o f  t h e  s u l f a t e  t o  HgS, t he c o n v e r s i o n  be i ng d e t e r mi ned  by 
t he  d e c o l o r i z a t i o n  o f  MB a t  670 nm ( 1 0 ) ,  o r  (b)  an a l k a l i n e  
e x t r a c t i o n  u s i n g  sodium b i c a r b o n a t e  (11)  f o l l o w e d  by the 
p r o c e d u r e  g i v en  i n  ( a ) .  Both o f  t hese methods appear  to 
be t i m e - c o n s u m i n g  due t o  t he l ong  d i g e s t i o n  p r o c e d u r e s ;  
i t  i s  s ugges t ed  t h a t  l a r g e  sample s i z e s  be b e t t e r  ana l yzed  
v i a  an a t o m i c  a b s o r p t i o n  method (12)  t h a t  measures t he  
c o n c e n t r a t i o n  o f  u n r e a c t e d  bar i um i on a f t e r  q u n a t i t a t i v e  
p r e c i p i t a t i o n  o f  t he  s u l f a t e  as t he bar i um s a l t .
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